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A continuous flow of 
Precision Switch developments 





anticipates designers’ needs 


Function of MICRO SWITCH Engineer- 
ing, both at the factory and in the 
field, is to supply the precision switch 
which most exactly meets the design 
requirement. 

Shown here are just a few recent 
MICRO SWITCH developments that 
designers have found useful in a wide 
variety of applications. Write to any 
branch office or to Freeport, Illinois 
for more detailed information. 


The Single Actuated Dual Switch 
consists of two basic switching units 
operated by aroller lever actuator. The 
operating point of one of the basic 
switches is field adjustable so either 
simultaneous actuation or a definite 
sequence of operations is possible. 


The Illuminated Push Button Switch 
is a low force, high pre-travel switch 
with an indicating light as an inte- 
gral part of the push button. The 
high pre-travel permits movement of 
the button before the contacts snap 
over. This switch is designed for use 
in elec tronic, aircraft, mobile, ma- 
rine, railway and other low voltage 
a-c or d-c applications. 

The High Temperature Basic Switch 
is a precision snap-action switch 
which will operate satisfactorily in a 
temperature range of from -50° to 


plus 1000° F. It is useful in such 
industrial applications as found in 
distilleries, foundries, vulcanizing 
plants and other industries which re- 
quire high temperature components. 


Push Button Actuators are of a new 
series available to designers of elec- 
trical computers and other types of 
commercial and industrial devices 
which require reliable panel-mounted, 
manually-operated switches. They 
are available with 4%” or 1” buttons 
and combine attractive appearance 
and extremely long life with an ex- 
ceptionally good actuation ‘‘feel’”’ 
Manufacture of precision switches 
is not a side line with MICRO SWITCH. 
It is our entire business. That is why 
industrial designers come to us more 
and more each year with switch prob- 
lems of amazingly diverse types 
MICRO SWITCH branches are conven- 
iently located to serve you. 


ese Or GOOD DESIGN 


Iiuminated Push Button Switches 
allow mounting 


on one inch centers 


MICRO SWITCH Illuminated Push But- 
ton Switches are outstanding for ease 
of operation, high pre-travel, compact 
design (which permits mounting on 
one inch centers), smooth appearance 
and easy-to-see pilot light. Switches 
are provided with sockets for a single 
contact miniature bayonet lamp. Re- 
movable translucent push buttons are 
available in clear, red, or frosted white. 





High Temperature Switch 
comes in three actuator types 


In addition to the 
plunger-actuator 
type, MICRO high 
temperature 
switches are also 
with pin plunger actuators 
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How Push Button Actuators 
are mounted to a panel 


Diegram shows 
mounting of 4" 
ond 1” butten 
ectyators to 
pene! 


Knurled bushing assembly is inserted 
through the panel and threaded into the 
switch mounting bracket. The mount- 
ing bracket in turn is keyed to the 
panel, using Mounting details A or B. 





MICRO SWITCH Engineering Service is available to help you select the exact switch 


to meet your design problem. 


Call the MICRO SWITCH branch nearest you. 
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A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 
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SHOPTALK 


THE FRENCH HAVE A WORD FOR IT 


Our cover design and lead article on page 65 de scribe the 
systematic evolution of a very neat Gallic machine control sys 
tem. One of our people overseas got wind of this work and 
asked Monsicur Jeudon to write it up for CtE. In the ensuing 
months, while guiding this article into print, we became aware 
of two things: 1) the extreme competence and cooperativeness 
of the French control engineers who did the job, and 2) the 
inherent capacity of technical French to be transformed lucidly 
into English. Incidentally, at the close of the correspondence, 
we asked the author how we should pay him the “small honor 
arium’’ for his article. He replied that a three-year subscription 
to CtE would be adequate. Perhaps “small honorarium” is dif 
ferent in French, for we had to explain that the subscription 
only uses up $30 of the $200 we would like to send him. We 
should have been more “‘franc”’ about it to begin with 


PERAMBULATING PULSES 


Industry's Pulse this month (page 55) makes two departures 
from its usual coverage of control commerce, and from the U.S 
scene. For this one we asked engineer Mel Fusfeld to send us 
his comments on European control while he’s on a half-year 
journey about the continent. A recent letter indicates that Mel 
is right in there—but that he usually has to answer as many ques 
tions as he asks. “As a matter of fact,” he notes, “I have even 
been invited to deliver a lecture series at the University of 
Delft. And, after lunching with the president of the Bell 
‘Telephone Co. of Belgium, | am supposed to address the 
Royal Belgian ‘Technological Society.” Mel finds process plants 
in the Low countries “right at the top” technically—despite an 
apologetic attitude “probably due to too much American bally 
hoo”. Other “Perambulating Pulses” will explore this point 


A CHALLENGE TO DESIGNERS 


During the recent unveiling of the Datamatic-1000 (page 25) 
we were handed a slim envelope containing one “Woo’’—a di 
minutive magnetic core developed by Dr. Way Dong Woo, 
Datamatic staff engineer. Back in the office we added the 
“Woo” to our bulging drawer of free samples—and then took 
inventory. Among objects on hand: a nylon-insulated thermo- 
couple; two transistors embedded in lucite; a thermal overload 
relay; four Tinkertoy modules; a midget 12-contact printed cir- 
cuit connector; an optical coated disc; a dime-sized 2K silicon 
rectifier; and one small 0-15-Ib bellows. A staff meeting was 
called for ideas on how to use this material. One possible proj- 
ect: a system that starts the wall fan when an editor overheats. 
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No more “priority”! 
Expanded production enables us 
to offer our Telephone type twin- 
contact Relays to any industry. 


For many years, Stromberg-Carlson pro 
duction of twin-contact Telephone type 
relays has been completely absorbed by 
the independent telephone industry 

Last year, we became a division of 
General Dynamics Corporation. A five 
million-dollar expansion program is un 
der way and one result is already in 
creased relay manufacturing facilities 
enabling us to broaden our distribution 

These relays—proven by years of re 
liable service in the telephone field 
are designed to operate under extreme 
ranges of temperature and humidity 
They are made in many types of which 
these are typical 





Type A is a general-purpose relay espe 
cially adapted to the control of switch 
ing operations 

Type B is a gang-type relay which can be 
equipped with three times the number 
of spring combinations as the “A” type 
Type C. ‘Two relays on the same frame; 
mounts in same space as the “A” type 
It is particularly effective where small 
space is a factor 

Type D. Miniature general-purpose relay 
of approximately \ the size of “A” 





The catalog in the photograph 
above gives fuller specifications. 


We'll gladly 


send one on request. 
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| FEEDBACK 


THE PROBLEM FORUM 


... usually presents a measurement or control prob- 
lem submitted by a reader or found by the editors while 


on tour. 


To date many readers have furnished schol- 


arly solutions — which we have recognized with modest 
cash awards and by publishing these solutions for the 


edification of all our readers. 


Future contributors of 


problems and solutions can expect the same tribute. 
This month our problem deals more with semantics 
than pedantics: it offers the challenge of a word, and 


solicits your reaction to it. 


Aprit, oorer 


“Feedback”, “feedback 
ward loop” are all words and phrases 
that originated with the engineers and 
scientists who developed 
analyzing and designing 
feedback amplifiers. As the 
of designing feedback 


into mechanical, 


loop”, “Tor 


means of 
electronic 
principles 
systems spread 
aeronautical, and 
chemical cnginecring, a great deal ot 
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Feed flow transmitter 
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to fuel flow controller, 
delayed only by the transfer lags of 
the flow transmitter, the tr: 
line and the receiver in the 
If then, the temperature response to 
fuel flow change is not matched to 
the temperature response to feed flow 
change, the system makes an incorrect 
change in temperature. ‘Therefore, the 
dynamics of the “feedforward” path 
must be matched to the forward loop 
cdlynamics 
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usefulness. If, on the other 
you think that it is nonsense, let 
us know. We’ll summarize 
ments and pass on the whole file to 
the American Standards Association 
committee on the terminology of au 
tomatic control 
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That continual problem, terminology . . . 


lo tHE Eprror 

Would you find it correct to use 
the word “‘automize” instead of “au 
tomatically controlled” in combina 
tions such as 
“automized cquipment of units” 
“automized circuits of steam and 
liquids” . . .? 
L. Wachtel 
Consultant in heat exchange 


Glen Ridge, N. |] 


We can’t wax very enthusiastic 
about Mr. Wachtel’s proposal to use 
“automized”’. An ironic typographical 
error could result in “atomized equip- 
ment’. If an engineer means auto- 
matic equipment or automatic cir- 
cuits, why doesn’t he say so? What 
can he gain, besides confusion, by 
generating trick words and phrases? 


Ed. 


Reader bats 500 


lo tuk Eprror 

I, (along with many other readers 
I! am sure), have detected two errors 
in the article “How Stabilization Im 
proves Closed-Loop Operation” by 
Davidson and Nashman in the De 
cember issu Since this article may 
be widely used by those only slightly 
familiar with servo theory, I feel that 
they should be pointed out te your 
reader 

On page 70 under Laplace Trans 
formation, the transform for a step 
input f(t) l is given as F(s) , 
which is very much in error. The cor 
rect transform should be F(s l/s 
for a step input. 


Davidson’s answer: 

The first comment is valid, and 
the mistake is of course due to a typo- 
graphical error. This discrepancy in 
the Laplace transform of a unit step 
has been pointed out by other readers. 


On page 71, under Frequency Re 
ponse, the fourth paragraph states 
the Nyquist criterion in an incor 
rect manner. ‘The open-loop transfer 
function plot can enclose the ] 
point and still be stable and, in fact 
frequently dos If the number of 
enclosures of the 1 point is equal 
to the number of poles of the open 
loop transfer function, then there ar 
no zeroes in the open-loop function 
ind the system is stable even though 
the | point may be encircled sev 
eral time 


And Davidson’s reply: 

The Nyquist criterion as given was 
stated to apply only to a single-loop 
system. This is correct as such and in 
fact the criterion is usually applied in 
this form. For multi-loop systems, a 
more gencral statement would be that 
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Positive ASKANIA Edge Position Control... 
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DATEX : 
PRESSURE SCANNER 


Multiple Pressures with ONE transducer 


Designed to permit the measurement of up to 12 pressure sources with 
only one transducer, the DATEX Pressure Scanner introduces a new 
concept into pressure instrumentation. As illustrated, this device can 
be used to introduce calibration and/or zero pressures to check the 
operation of the system during each cycle. Provides complete flexibility 
in programming for Digital applications; i.e. positive positioning allows 
points to be skipped or scanned in any desired sequence by remote con 
trol. The transducer is vented to atmosphere between pressure ports, 
thus eliminating transducer hysteresis effects. 
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TYPICAL SYSTEM USING TYPICAL DATEX DIGITAL DATA SYSTEM 
ONE TRANSDUCER FOR RECORDING 60 PRESSURES 





Operating speed depends upon two factors: 


(1) Time for the scanner to move mechanically from one position to the 
next. This time varies from 0.1 second for an adjacent position to 1.0 
second when skipping 10 positions 


(2) Time for the pressure to stabilize in the transducer volume. For ex 
ample: When a transducer with a volume of 0.1 cu. inches is used and 
100 ft. of 4%” O.D. cu. tubing is connected to a pressure source of 100 
psi, the time necessary for the pressure to stabilize to 0.1% of the final 
value is 500 milliseconds 


SPECIFICATIONS 
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Additional 
detailed 
information 
can be obtained 
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Dave 


1307 South Myrtle Avenue, Monrovia, California 


G.M GIANNINI &@ CO.INC. 916 EAST GREEN STREET * PASADENA, CALIFORNIA 
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for a stable system the number of en- 
closures of the —1 point is equal to 
the number of poles of the open-loop 
transfer function in the right-hand half 
plane. In the case of a single loop 
with physical elements, the open-loop 
transfer function can have no such 
poles, and hence the criterion as stated 
in the article is applicable. 


Point 


lo tHe Eprror 

I realize that Conrrot ENGINEER 
ING attempts to discu technical 
topics on a more practi il and k 
theoretical level than do the “Tran 
ictions” or “Proceedings” of the vari 
ous engineering socicti In this at 
tempt, it has been su eeding admu 
ably. As an engineer, I can take m 
mathematical rigor or leave it alone 
(preferably the latter but I think 
definitions should attempt a d 
precision. I refer to Mr. Stout 
on nonlinearity in the | 
issue, which at one | 
linear system in term 
propertics the princip!| 
position. I will accept 
as a test of linearity but mn 
tion of it’. The definition 
differential equation in th 
also suffers from a lack of 
can be simply stated a 
differential equation of 
linear when it is of the fir 
the dependent variable and it 
tives". By Mr. Stout’s definition 


dx 
equation with a term ( = ) is linear 


where such is obviously not the cas 

I also wish to take issue with M 
Coales (same issue) in ne of hi 
statements. He says, ost known 
comparators or detectors behave ac 


} 


cording to a square law relation 
ship .” Some do, but please qualif: 
that “most”. How about synchro 
resolvers, potentiometers, and resistive 
ilders, among comparato ind 
thermocoupies, D’Arsonval move 
ments, Bourdon gag: nd propo 
tional ion chambe: j 
tectors? 
1. Gardner & Barnes 
Linear Systems”, p 
2. Kells: “Elementar Differ 
Equations”, p. 49 
Milton J. Lowenstein 
New York, N. Y 
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WITH THE NEW WEATHERHEAD 


SELFALIGN 
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For Low and Medium Pressure Applications Using 
Copper and Aluminum Tubing. 


Install without disassembling. 


Simply insert tube in fitting until it bottoms— 
then tighten nut. 


Preassembled nut and sleeve are always in 
alignment ready for immediate assembly. 


Positive leakproof connection with surface-to- 
surface seal. 


No fumbling for parts. 
No lost time trying to align tube and sleeve. 


No danger of dropping sleeve or nut when 
assembling. 


No flaring. no brazing. no welding. 


Saves on installation costs. 
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ASK FOR FULL DETAILS TODAY 
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The Weatherhead Co., Fort Wayne Division 
Dept. AC-4, 128 West Washington 
Fort Wayne, indiana 
In Canada: The Weatherhead Co., Lid., St. Th 


omas, Ontario 


Send complete information on your new 
less Tube Fittings. 


SELFALIGN FPicre- 


COMPANY ceeneeenereeee 


Be 


YOUR NAME_. 
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FOR SYSTEMS 


sec... MEE TEE CS > 


From a single-rack recording system to a multi-console data 
processing center, Electronic Engineering Company has the 
experience and personnel to design and produce the equip- 
ment you require. EECO design techniques, perfected over 
years of systems work, can be put to work for you in an 


EECO engineered system—freeing your own engineering 
staff for tasks specifically related to your products 








> 


ASKANIA THEODOLITE DATA tema GROUND TELEMETERING DATA 


ROCKET TEST 


An 


FLIGHT TEST 

















SS 


TRACKING RADAR DATA 





EECO Central Data Processing System, Edwards 
Air Force Base. System gathers data from aircraft, | 
rocket test facilities, tracking radar, high-speed 
track, and processes data for analysis and/or 
K i . computer input. 





‘’ 


HIGH-SPEED TRACK TEST 








Plug-in Circuits 
developed for EECO systems, 
provide a key to lower cost — 
equipment design and fabrication. Di 
Data on standard and custom e} | 


circuits available in catalog G-4. 
a 
Cn TE oe oe os ee wm 
wt 


Electronic | Interesting and challenging work in systems 
Engineers | and related projects offers unusual employ- 

and | ment opportunity at EECO. Send resume to the 
Physicists | attention of R. F. Lander. 


Electronic Engineering Company 
of California 








and its subsidiary 
EECO Production Com pany 


180 South Alvarado Street « Los Angeles 57, California 
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is linear if it has the additive property 

e., obeys the superposition princi 
ple). The Radiation Lab volume on 
servomechanisms (Vol. 25) says about 
the same thing on pages 28-29. | 
don't think Mr. Lowenstein’s argu 
ment on this point is justified, the 
manner of definition being a matter of 
choice rather than rigor 

Ile may be technically correct that 
the definition of a nonlinear differen 
tial equation is incomplete. Ho 
his (dx dt)* can ve interp ct 


u eT 
A I 


1.¢e., a derivative term with a coefficient 
that is proportional to the derivative 
of the dependent variable, a situation 
included in the statement. Similarly 


a term in sin x could be written 


to fit the statement in the article. If 
there is an omission, the most im 
portant oversight concerns the possi 
bility of coupling terms like x y o1 
dx/dt in sets of simultaneou equa 
tions. 

The lack of precision in the defini 
tion, if any, resulted from a desire t 
show the difference between equation 
with time-dependent coefficients (lin 
ear) and amplitude-dependent cocfh 
cients (nonlinear). ‘This difference 
not always appreciated, and I wanted 
to emphasize it. The example of the 
nonlinear equation w chosen with 
this point in mind and does not illu 
trate all the possibilities explicitly, al 
though it can be interpreted to cover 
most of them 

I’. M. Stout 
Schlumberger Instrument Co 
Ridgefield, Conn 


Process control engineer 
praises and prods . 


lo tHe Kprror 

May I offer a suggestion for the 
improvement of you cellent maga 
zine? 

Many of us old (Chl proce 
engineers have drifted into the field 
without formal control education. W« 
have nothing but “hunch to offer 
the process design engineer as to the 
controllability of a proce yet we 
write the specs and direct the pro 
curement of the majority of plant 
process control equipment We need 





without 
sacrificing performance 


Fairchild miniature precision potentiometers meet applicable 


portions of Mii-E-5272A for humidity, vibration, temperature cycling, 


fungus resistance and salt spray. These units, in 7s’ and 1 
diameters, meet the same requirements for accuracy and reliability 
as most standard precision units up to 2” in diameter 


No matter what factors govern your choice of precision 
potentiometers, you'll find the answer in Fairchild’s complete line. 
Write Dept. 140-59C2, Fairchild Controls Corp., 

Components Division. 
EAST COAST 


225 Park Avenue 
Hicksville, t. 1, N.Y. 


WEST COAST 
6111 E. Washington Bivd. 
Los Angeles, Cal 


Now Fairchild is able to miniaturize 
potentiometers and still give you the 


accuracy and reliability you need 


This advance is made possible by 
Fairchild’s continuous and extensive 
research on new materials such as epoxy 
resin and halogenated polyethylene 
insulating materials, and precious metal 
alloy resistance wire, and by thorough 
evaluation of these materials in our own 
environmental testing facilities. These 
advances are maintained by our rigid 
quality control program on materials 


processes, and manufacturing 


—fAIRGHILD 


PRECISION POTENTIOMETERS 


i and COMPONENTS 
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CONTINUOUS SUPPORT AND 
PROTECTION FOR 
INSTRUMENT TUBING 


Tubing may readily be run to individual instruments or panels as needed. 


Delicate instruments quickly become useless without adequate tubing support. 
Instrof provides a flexible, simple-to-install system for maximum efficiency and 
dependability at minimum cost. Famous Pin-Type Coupling available for wide 
range of standard fittings and runs. 


Instrof is a system of Prefabricated Expanded Metal Trough specifically designed 
for rigid, continuous support and protection of instrument tubing. All parts are 
hot-dip galvanized for long life. Widths of 3’’, 6’’, 9'", 12'', 18", and 24”, 
lengths of 8’, 10’, and 12’, and a complete line of fittings allow the Instrof 
system to meet the demands of virtually any plant layout. 


Exclusive Pin-Type Coupling speeds installation and reduces labor costs. Just 
two coupler pins and a bottom plate are needed to complete a connection. 





o 


Drop-out is one of many standard 
fittings that keep an Instrof system 
flexible, yet simple to install. Ex- 
pansion is a simple matter with an 
Instrof system as additional tubing 
may be laid in existing trough. 





L 





DIVISION T. J. COPE, INC. 


711 SOUTH FIFTIETH STREET Saati 
PHILADELPHIA 43, PENNA. 


Inside) 
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more lucid articles on the same edu 
cational level as that by Mr. Zoss 
of the Taylor Instrument Compani 
“How to Reckon Basic Process Dy 
namics’, ConTroL ENGINEERING, Vol. 
3, No. 1, January 1956 
Even the article by Mr. Zoss baf 
fles me at one point. ‘The article sud 
denly switches from a logically devel 
oped transfer function to a plot of 
frequency respons¢ Ihe inference is 
that the frequency plot is developed 
from the transfer function, but the 
method of development is not shown 
Another suggestion for the im 
provement of your magazine is that 
the principles of clear writing may 
be extended to the writing of mathe 
matical formulas. Enough Greek let 
ters can make gobbledegook of the 
simplest equation. This is particularly 
true where a symbol represents an 
abstract value not easily expressed in 
a few words. Legends should appear 
at each equation, or at least on each 
page symbols are used. Mr. Zoss’ at 
ticle is a shining example of the way 
these things should be. For instance, 
in making a heat balance, Mr. Zoss 
uses the term, O,rorage. Many writers 
would use the term, O 
Louis D. Klei 
Phillips, Texas 


The transfer function describes the 
time behavior of the item studied; 
the frequency-response equation or 
plot shows how it acts when the fre- 
quency of a sinusoidal disturbance 
changes. ‘The editors will present, 
soon, a short article that explains the 
conversion from transfer function (ex- 
pressed as a differential equation) to 
frequency response. 

"Nough said about symbols. We 
heartily agree with Mr. Kleiss’ praise 
of Mr. Zoss’ use of symbols in mathe- 
matical expressions and will endeavor 
to follow his example. Ed. 


Uncle Sam wants YOU . 


lo tHe Eprror 

Your magazine is known to reach 
readers who can fill vacancies that 
exist here at the Air Force Armament 
Center, Eglin Air Force Base, Florida 
Inasmuch as we are prohibited by 
regulation from placing paid advertis 
ing in order to inform those who 
would be interested in our oppor 
tunities, we hope that your magazine 
will publish this information so that 
these men may realize the need for 
their services 

Ihe Armament Center has recently 
been given the responsibility for the 
development of aerial munitions, in 





RACK MOUNT STYLE — 514" high by 18" wide by 15%" deep 


MODEL 461 


PORTABLE STYLE —10%" high by 8%” wide by 15%" deep > 


Now! Accurate automatic measurements 
for varied industrial applications... 


NOW EVERY FEATURE you want in a 
precise, automatic Digital Voltmeter 
is available in these new Non-Linear 
Systems models. Their performance 
features automatic measurement 
from zero to 999.9 volts DC with 
high accuracy and resolution. Fast 
readings are presented in a brilliant, 
in-line luminous numerical display. 
Automatic features simplify opera- 
tion, enable you to use non-technical 
employes. Assured long life results 
from exclusive NLS oil-sealed step- 
ping switch system, plus top-quality 
components. Thorough quality con- 
trol ensures reliable operation. And 
unitized construction means simpli- 
fied maintenance, saving you time 
and money. 


Yet NLS Model 451 Digital 
Voltmeters are priced far below 
instruments offering only a fraction 
of these advantages! These low costs 
are possible because NLS, as origi- 
nators of the Digital Voltmeter, has 
the advantage of pioneering design 
and production techniques. Further- 
more, NLS quantity production 
results in additional savings. 


You can save time and money, 
and assure automatic accuracy in 
precision measuring, with an NLS 


NON-LINEAR SYSTEMS 


TWX: Del Mar 6-345 — PHONE: SKyline 5-1134 
ORIGINATORS OF THE DIGITAL VOLTMETER 


Digits! Onmeters » AC-OC 
Digital Recording 


Digital Voltmeter. Mail coupon 
today for more information on how 
these quality instruments can assist 
your operations. 


YOU GAIN THESE ADVANTAGES 


Automatic operation — Simple operation 
plus brilliant numerical readout 
and recording allows use of non- 
technical personnel. 

Exhaustive quality control — Sustained 
accuracy assured by systematic 
testing procedure throughout all 
engineering, production phases 

Unitized, standardized construction — Each 
instrument can be quickly dis- 
assembled into three functioning 
subassemblies. 


Quality components, including 
mercury-cell reference standard, 
stepping switches built to NLS 
specifications, precision resistors 
and other high standard 
components. 

Oil-sealed stepping switch subassembly 
cuts maintenance, boosts switch 
life, ensures reliability under all 
operating conditions. 

Long-life stepping switches — Life tests 
corresponding to 21,000,000 
readings completed, with 
switches still operating! 


Send new (4 catalog om plete 
instruments, and current price liat 


Simplified maintenance, resulting from 
unitized construction, saves you 
time and money 


No-lost-time service — Interchangeable 
subassemblies and complete 
instruments available promptly 


Automatic recording by electric type 
writer, printer, summary punch 


Low initial cost, based on NLS inte 
grated, efficient production 
methods, and on advanced engi- 
neering developments 

New! Automatically-standardized reference 
power supply eliminates manual 
adjustment; available instead of 
internally-mounted mercury-cell 
battery pack 


APPLICATIONS 
Automatic measurement, digital dis- 
play and recording of DC voltages 
for: 
Manufacturing — Development, produc- 
tion and process control testing. 
Laboratories — Precision standardiza- 
tion procedures 


Special test equipment 
compute I 


Analog 

missile components, 

control tems 

Many more! Our application engineers 
are available to work with you. 


NON-LINEAR SYSTEMS, INC. 


Dept. G.456, Del Mar Airport, Del Mar, California 


ine of precision 


NAME 


COMPANY 


Converters + Digital 
+ Peak Reader Systems 
* Binary Decimal Converters 


ADDRESS 


APRIL 
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Here’s the storage tube bright 
enough for direct viewing in 
a sun-lit cockpit... by several 
persons in a normally lighted 
room or a projection display 
of four feet! With one control 
knob, operator can set display 
for any persistence desired... 
from a few thousandths of a 
second to several minutes. All 
information can be erased in- 
stantly by merely pressing a 
button! 


= ss 


& 


. 





. 

--BIG . DISPLAY PROJECTION 

TT - at 
“Seip 


Another Farnsworth 
achievement... 


One of many complex elec- 
tronic products developed, de- 
signed. and produced for 
defense and industry 

backed by over a quarter of 
a century of continuous suc- 
cess and leadership in the field 


of electronics. 


for complete details on the IATRON storage tube, write 


FARNSWORTH ELECTRONICS COMPANY - FORT WAYNE, /ND/IANA 


a division of international Telephone and Telegraph Corporation 
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cluding guns, bombs, rockets, fuses, 
guided missile warheads, and related 
equipment, exclusive of nuclear wea 
pons. Positions in fields covered by 
this responsibility have now become 
open, and are currently being filled 
Our openings lic mainly for those 
qualified for Civil Service grades be 
tween and including GS-5 and GS-14 
[he personnel most urgently needed 
ire physicists, mechanical engineers, 
ballisticians, and especially clectronic 
engineers. Applicants chosen in these 
grades may expect to receive between 
$3,670 and $10,320 annually 
Any readers interested in applying 
for jobs at the Armament Center 
should submit a Standard Form 57 
\pplication for Federal Employment 
ivailable at any first-class post office 
to the Civilian Personnel Office 
201st Air Base Wing, Eglin Ai 
Force Base, Florida. Any information 
they desire may be obtained by writ 
ing to the same address 
Needs for various scientists and en 

gineers in the above and other fields 
will continue at the Armament Cen 
ter during the foreseeable future 
Uherefore, if any reader should doubt 
hi qualifications he is urged to con 
tact the above office 

Harry R. Beamer 

Lt. Colonel, USAF, 

DCS/ Personnel 


The ultimate customer of this mag- 
azine is a group of readers who can 
do critically important work across in- 
dustry. As it is our job to fully ac- 
quaint our readers with professional 
opportunities as well as the techniques 
and equipment used in their work, we 
publish this letter as a service to them. 


Ed. 


Looking for a needle . . 


lo tHe Eprror 

On page 20 of the January 1956 
issue of Conrrot ENGINEERING you 
have a new item datelined New York, 
Oct. 20-21 concerning The Institute 
of Management Sciences 

Can you tell me the official addr 
of this organization or how I might 
contact them to obtain copies of the 
proceedings of their meetings? 
hank you for your coopel ition 


Raymond C. Dietz 
Richmond Hill, N. Y 


Write for further information to Mr. 
Alex Orden, Secretary-Treasurer of 
The Institute of Management Sci- 
ences. His address: Research Center, 
Burroughs Corp., Paolia, Pa. Ed. 





ee 
SIMPLE, STABLE MODULATING CONTROL 


This pilot controller detects temperature 
changes in liquids or air, and supplies a 
pneumatic or hydraulic control pressure to 
make needed corrections in the position of 
valves, dampers, etc. It’s small and compact, 
has two gauges showing supply and control 
pressures. 
~ ¢ knob adjusts oy fe coe contre oe settin 
FULTROL over a range of 250°F or 150°-350° 
THERMOSTATIC ¢ sensitivity is adjustable from 5°F to 26°F 
PILOT ™ * no troublesome lever or pivots 
CONTROLLER ¢ control action is reversible in field 
NO. 1100 


Featuring a powerful two-ply seamless metal 
bellows, the No. 992-D provides rapid, 
linear valve movement in response to changes 
in control pressure. Equally suitable for 
pneumatic or hydraulic control systems. NO. 992-D 
Available with 4%" to 4" valves for steam, ‘ . 

gas, oil, water or other liquids. SERIES 


rigid stainless steel frame; cadmium plated BELLOWS 
steel spring MOTOR 
extremely compact and durable VALVES 
simple, easy handwheel adjustment 

single-seated, double-seated or three-way 

type valve 


FULTON SYLPHON DIVISION 


Knoxville |, Tennessee 


HEADQUARTERS, 


Please send descriptive literature on 
[} Fultrol Thermostatic Pilot Controller No. GW 


{_] 992-D Series Bellows Motor Valve No. GW 
NAME_ 


COMPANY 


be Robertshaw Fultow 


: CONTROLS COMPANY 


FULTON SYLPHON DIVISION + Knoxville 1, Tennessee 
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GOOD NEWS FROM WESTINGHOUSE... 


THIS IS 


CYPAK 


the most revolutionary industrial control 
advance in 25 years 
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Just two years ago, production and control engineers alike dreamed of the 
possibilities of a relay with no moving parts. A reality today, Westinghouse 
CYPAK introduces static control from units that fit the palm of your hand 
CyYPAK control has no moving parts to wear, corrode, jam or otherwise 
cause failure. In addition, CYPAK refines the relay art through making use 
of basic logic functions. 

The result—static control with life at least 15 times that of conventional 
relays. While twenty million open-close cycles is usually the maximum life 
of a mechanical relay, CYPAK systems can handle that many cycles in day 
without a trace of fatigue. 

sesides eliminating maintenance and down time, CYPAK opens new oppor- 
tunities for broader, more complex control. Look into these advantages of 
CyYPAK by calling your Westinghouse sales engineer. Jl 


* Trade-Mark 


YOU CAN BE SURE...1F ITS Westinghouse 


our free copy 
nd Wherefores 
B-6584 
lectric Corpora 
( enter, P {) 
gh 30, Pa. 
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covered 





when you use 


. 


General Controls’ line of quality automatic controls 


More and more designers find one simple rule short-cuts their control problems 
with a quick solution: “Check General Controls first!’ For the chances are 
the complete GC line has the perfect answer to your problems whether it’s a 
time switch or thermostat, a midget solenoid or mighty hydramotor. Get 
acquainted with the branch office (one of 42) nearest you... one source — 


one responsibility—near at hand 


K-27 MAGNETIC VALVE 


sinies tee! for 


K-273 MAGNETIC VALVE 


3 way flow or 
mixer type. Com- 
pact, multi poised 
For alr, water, hy- 
draulic fluids 
charging or empty- 
ing systems. Nor- 
mally openor 
closed, Choice of 
flow patterns 


K-10 MAGNETIC VALVE 


Lever action for 
higher seating 
pressure. Excellent 
general purpose 
valve for primary 
fuel, feed water, 
steam, air. (300 
psi max. operating 
pressure differen- 
tial.) 


TIME SWITCHES 


tion or 


at your service. 


K-15 MAGNETIC VALVE 

Piloted piston de 

gn. Large flow 

af ty with low 

a pressure drop. For 
air, gas, steam, oil 

dy derivatives.. Versa 

tile with 3 coll 

lasses, 5 seat 


variations 


HYDRAMOTORS 


Wide range of 
types in complete 
range of pipe 
sizes and body 
styles to provide 
safe, dependable, 
durable answer to 
all liquid transfer 
problems 


K-21 MAGNETIC STOP VALVE 


racic < Way 
steam 
orro 
Pres- 

ures to 300 ps 
Forged brass body 
Stainiess steel or 

soft seat 


K-123 MAGNETIC VALVE 


3 way—for nor 
mally open or 
normally closed 
directional control 
and mixer applica 
tions—on pneu 
matic or hydraulic 
operated devices, 
machine tools, etc 


AIR MOTOR VALVES 


Air-operated dia- 
phragm valve for 

ulating con 
trol. Normally open 
or closed, 3 way, 
or slide gates 
Selection of vari 
ous inner valves 
body sizes and con- 
nections 


wa GENERAL CONTROLS 
ee ee My ee oe RES Recta ie ie =. . 


Burbank Cat forma ’ RTY BRAWN ia) rr t 5 ERVING _ 
hotie Himors 
h, Canada @ Penrex CONTROLS AND GENERAL CONTROL 


Gue 
welp 


THE NITE TATE 
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BERT ZIEBOLZ 





Pe 
CONTROL 
PERSONALITY 


extrapolates into the future 


I’ven a casual chat with Bert Ziebolz is a rewarding 
experience. If you have a specific control problem 
and brilliantly. He then 
might consider how the problem will be solved ten 
vears from now And, if you tend that way, you 
may discover that Bert has gently taken you on an 
intellectual tour within the philosophical and arti 
tic parameters that the problem—or you 


he'll shed new light on it 


suggest 
How did engineer-scientist-philosopher Herbert 
W. Zicbolz get that wav? It started when the young 


graduate Masters in ME cum laude Breslau 
‘echnical Institute, ’26), already reading and think 
ing bevond the parochial boundaries of straight 


engineering, made this discovery: technology grow 


at an exponential rate—hence it is possible to en 
trapolate the present into the future. ‘Vhis becam 
his guide Henry Ford’ fraught with 

inspired him to visit the United Stat 


as a postgraduate industrial exchange student. After 


biography 
the future 
two years of studying mass production methods in 
auto plants he was convinced that the future—hi 
future—lay in the U.S. Back in Germany 
waiting for his visa, he went to work as assistant to 
the chief engineer of Askaniawerke’s Industrial Con 
trol Div. in Berlin 

Vinally, in 1931, Bert Ziebolz returned to thi 
country to manage the 


while 


production, service, and 
design of hydraulic American Askania 
Co. in Chicago. In '36 the company joined the H. A 
Brassert Co. under the name of Askania Regulator 
Co. and Bert became its V-P of engineering 
tion he still retains 
afhliate 


controls for 


a posi 
Askania now is an 
#f General Precision Equipment Corp 


although 


A patent catalyst 
As the years pa sed, the prolific Mr. Ziebolz found 


himself spending more and more time in Washington 
to substantiate his patent claim 
future and took 
ipproach to the design of 


Jert considered the 
a bold step he developed a rcv 
computer and control 
clements that revealed analogous ways to accomplish 
the same function electrically, pneumatically, hydrau 
lically, and Publication of — thi 


approach allowed other patentees of 


mechanically 
imilar device 
“well known to those skilled i 
the art” without fear of challenge by patent exami 


to use the phrase 


ners, thus minimizing litigation and speeding up 
patent Bert’s field. And 
immediate benefit went to other 
Ziebolz, who now ha: 


processing in though 
the move provided 


7] patent to his credit, with 


rcative work 


extra time for hi 
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With Zicbolz, theorizing extends beyond the blackboard 


Dunng World War II Bert 
of de velopment and design of narmne tramimng 
devices for the U. S. and British navi Lhe 
branched out into design of special submarine con 
trols and formed the pecial ( ection of 
Askania. lor this work he was cited by the Chief of 
the Bureau of Ships and in 1954 the Instrument 
and Regulators Div. of ASME h ved him 


jaced in charges 


Soot 


Still ranging far afield 


Zicbolz, usually accompanied his wife, Hilda 
travels extensively over the worl busine and 
ication. ‘The Impressions hi cts—from peopl 
book ind situation build wy cuthusiasm for 
the creative job of engineerin 1 hie illow me to 
relate CXPCTICHce clsewhere to th prediction ot 
trends and recurring cycles in cultural, scientifi 


ind technological de clopment 1] 
however, sometin 
Cal back he fore 
ulpture unadormed furniture 
Lent 


design. ‘They all 


pred tion 


M iii' 
African 


flatwall church 


mn olve woustia ubject 


iw rabid inte ! in 


ame to pa 


Now onl Bert keep Sa the future and 
making his own long-range plan Coin project ¥ ill 
be to rewrite a certain book—originally in Hungarian 
now in German—into English. |] book has pro 
foundly influenced Bert and he believes it will create 


great interest in America. We'd like to publish that 
book for Bert Zicholz iglit 







































WHAT'S NEW 


Facing an eminent audi- 
ence, Director A. V. Astin 
holds forth on new ways 
to measure Mass and 
Force—a scholarly but live- 
ly orientation just before 


the 


ee ee ee ee ee 


O00 pee 
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National Bureau of Standards 
Parades Its Skills in Measurement 


WASHINGTON, D. C., Jan. 23 
Scientists and engineers are supposed 
to be notoriously poor showmen, but 
this theory went into a cocked hat at 
the National Bureau of Standards’ an 
nual Open House this week. 

Things started off peru cnough 
When the hundreds of industrial, sci 
entific, and government leaders who 
were invited sat down amidst giant 
testing machines in the three-story 
Engineering Mechanics Lab, schol 
arly Dr. A. V. Astin started to disser 
tate on Bureau plans to redetermine g, 
the pull of gravity. But then things 
started to pop. Down plunked a steel 
ball from a shelf high above the audi 
ence, to reenact—and improve upon 

Galileo’s gambit with a cannon ball 
atop the ‘Tower of Pisa. Next, with 
closed-loop ‘TV and massive offstage 
machines, the good doctor showed 
how to play with mighty large forces 
a l-million-lb dynamometer was cali 
brated on a 10-million-lb testing ma 
chine (the world’s most powerful); a 
stoutly welded ship’s plate was de 
formed under a mere 2.3-million-Ib 
pressure; a mammoth magnet aligned 
spinning hydrogen nuclei in a small 
vial of water. 

Bounced completely off the edge of 
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their seats by these doings, 
were next herded into groups and 
whirled through the Bureau’s labo 
ratories where 15 skillfully organized 
ten-minute demonstrations revealed 
these brilliant samples of the funda 
mental and advance-guard work going 
on at the remarkable institut 
Pan analog simulator that computes 
and scope-displays the geographic pat 
tern of radioactive fallout from a nu 
clear explosion 
Pa unique iridium-iridum/rhodium 
thermocouple able to measure and 
withstand 3,000 deg F and up 
Pthe new “forward scatter’ tech 
nique of radio wave propagation, which 
vastly extends limits of long-distance 
communication 
Pa “physiological monitor” that dy 
namically records patient heartbeat, 
blood pressure, and respiration during 
an Operation 

Aside from these and several other 
spectacular items, the tour had many 
solid points of interest for the visiting 
control engineer—four of the pertinent 
labs, for example, are on view on the 
opposite page. He would have been 
enlightened by the Bureau’s new Ra 
diation Laboratory and the excellent 
work it is doing to set up secure 


the guests 


standards for ‘“‘hot’’ materials now b« 
ing used in over 2,000 industrial and 
institutional nuclear-type gages. And 
he would have been fascinated by the 
painstaking temperature-impurity co 
relation that the Bureau us« 

trolling the purity of titanium 


In Con 


The Purpose and the People 
NBS’s parade of skills and accom 


plishments also offered a_ revealing 
glimpse of the importance of this 
agency to our economic as well as 
our scientific life Behind the dis 
plays and talks lay its main function 
custodianship of our national stand 
ards of physical measurement. The 
Bureau is our ultimate source for stand 
ards of accuracy and reliability in in- 
struments, devices, even interchange- 
ible parts. It provides the methods 
to measure conformation to these 
standards and offers calibration services 
to insure their accuracy 

Doing the work at NBS are 2,800 
people, 40 per cent of whom are 
professional scientists and engineer 
The mettle of these people is obviou 
in the brilliant quality of their work 
ind in the enthusiastic—yes, showman 
like—way they show it to visitors 
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HOW THE BUREAU DEALS WITH MASS AND FORCE 


md force The Bu iw plan to fallin body 


in this country are based 
method (left of bal 


ind force 
1 platinum-iridium cylinder 

of the Bureau. Measur The Bureau urent balance (1 t of ntional balance 
extend over a tremendous range—from is an example of h ol mM t id the accurate de 
to the mass of the electron termination of g ent fT 
th Deflection of I can inagnet right of 


All measurements of ma 
on the national standard of ma lance 
center of chart), kept in the custody 
ments of mass and force 
the mass of the earth (left of chart of tl un perc 
right of chart), from the 10-million-lb forc 
Bureau's giant materials testing machine (lower left) to the small 
forces exerted by atomic partick trometer to determi 
In measuiring mass and force ientists need to kin I Recently th principle te 
accurately the acceleration of gravit Lhis is a measure of the make very accurate deter " " ! mass of the 
| m rT t t t r rhe 


pull of the earth and defines an exa tron and magnet 


exerted by 
n the mass pee 


urrent balance) ilh 
nd molecules 


ve 


t relation up between ma le 





SOME OF THE THINGS THEY SAW ON PARADE 


1478963258546 
9578243654823 


DIGITAL COMPUTER-—the Bureau’s famous SEAC—was ANALOG COMPUTER demonstration included graph-solving 
a sample equation with general-purpose unit (left) and vivid 


paced through a simple problem. SEAC is kept very busy sols 
ing a wide range of problems for government agencies. simulation of atomic fallout in special analog (right) 


sews | ge | 
\9 


DISPLACEMENT AND THICKNESS measurements in in 


accessible places got the spotlight on this Electronics Div. 
clearances was shown. 


STRAIN GAGES were used to pick up data on the distortion 

of a welded ship’s plate (center) in this 2.3-million-Ib horizontal 

testing machine. Note TV camera on scene. bench. A way to gage steam turbine 
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WHAT‘’S NEW 


CONTROL CONCLAVES 


San Francisco, Feb. 7-9 
ixperts who attended this fourth 
western meeting of the Joint Com 
puter Conference sponsored by AIEE, 
IRE, and ACM (sce January issue, 
page 22, for a report on the 
astern meeting) feel that, a 
event, it may be 
of diminishing 


recent 
sa yearly 
nearing the point 
returns Our man 
picked up comments such as these 
P from a proces industry scientist 
very little at this show that I 
didn’t see last year. ‘Iwo trends are 
evident, however: the use of punch 
cards and tape to ty equipment to 
gether, and the ascendancy of digital 
over analog for representing variou 
phenomena.” 
> from a control manufacturer nginect 
“The most interesting things in the 
computer field are kept hush-hush . . 
and most talks are more sales-pitch 
than informative Lhe most notablk 
aspect of the affair is its being run 
omewhat like a hiring hall-the up 
stairs Company rooms are interviewing 


like mad,” 


P from an aircraft engineer—“Less new 


One of the featured speakers at a con- 
ference luncheon, Dr. Edward (H-Bomb) 
Teller, caused chuckles with this poser: 
would two computers playing chess cheat 
or stick to the rules of the game? 


things being talked about than at 
previous meetings. And there is too 
much emphasis on computer usag 
rather than on theoretical and develop 
mental aspects.” 

But all feedback on the meeting was 
not negative. Our man was impressed 
by the working computers in_ the 
booths and the way they were demon 
strated, by the liveliness of some of 
the papers, and by the session on 
RCA’s new BIZMAC system 
were given on BIZMAC 
application, functional 
characteristics, and 


Pape rs 
purpose 

organization, 
programming 


Some people, however, opined that 


BIZMAC, while advanced in input 
and output, may be endowed with an 
imbalance between memory 
puting capacity 
with the large 
needed to run it 
All in all,” says our western editor 
the conference reported a lot of hard 
work, a lot of good engineering, and 
0 forth—but startling and 


new 


ind com 
And all are concerned 
amount of people 


nothing 


Chicago, Jan. 25-26 





l'oday’s broad fever-pitch interest 
better 


intense two 


in process control was never 
demonstrated than in thi 
day conference in one of the bright 
new buildings occupied by Armour 
Research Illinois 
l'ech’s sprouting South-Side campus 
Over from 21 states and 
Canada—and the bulk of them were 
from the 
tries: meat packers, 


Foundation on 
250 came 
control-hungry user indus 
steel makers, drug 
houses, paint manufacture! 

Ihe program did an effective shot 
gun job of covering group interests 


in the short time It dweiled on 


SOME OF THE WESTERN COMPUTER SHOW BOOTH HIGHLIGHTS 


BURROUGHS FE 101 and its blonde op 
erator got much attention. She was taught 
to solve three-degree simultaneous equa 
tions in a few minutes on opening day. 


LIBRASCOPE LGP-30, just unveiled last 
November, also pulled in the onlookers. 
The console-size unit packs a 4,098-word 
capacity and a 3,600-rpm access speed. 
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LITTON-20 DDA, a $10,000 desktop 
machine, had good talkers to explain away 
its 20 integrators and one part in 250,000 


accuracy. The unit is at right on table. 


SPRAGUE COMPONENTS — magnetic, 
transistorized, subminiature—formed a_ re- 
vealing display of how “old line’’ firms are 
joining the computer bandwagon. 


BECKMAN’S EASE proved to be. an im- 
pressive 100-amplifier analog computer. 
The only other analog unit on display was 
Electronic Associates’ 12-amplifier model. 


HUGHES AIRCRAFT provided an off 
beat but vigorously attended exhibit for 
the show: a working display of fire control 
that will fend off sneak air attacks. 





One basic oscilloscope for almost any job... 


USING PLUG-IN ADAPTER 


These six Plug-in units available for use with this instrument 
effectively provide a family of scopes, tailor-made for special applicati 
as well as for general purpose precision laboratory use 


odel 1400 Basic Unit — for general purpose use And with all of these Plug-in 
odel 1401 Sweep Delay wide range, ] usec to 0.1 se: sntages of the 411’s preci 

odel 1402 Video Switch for dual trace presentation outstanding pe rformance specifi 

of two inputs 

odel 1403 Gated Marker Generator for direct time 

measurement 

odel 1404 TV Trigger Shaper . for television b Freque ney Re sponse 

appli ation 


a. Sensitivity 20 m peak-t 
with GOOO volt accelerating _ 


c Transient Re ponse 
odel 1405 Long Sweep Generator 


d, Signal Delay 0.25 ; 


LABORATORY FOR ELECTRONICS, INC. 


75 Pitts Street, Boston 14, Massachusetts 


FOR EXPORT SALES CONTACT ANDREW 8SZUCS, INC % BROAD 8ST., NEW YORK 4, NEW YORK 
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Analog Computing 
for One and All 


with GAP/R modular com ponents 
The Model K2-X Operational 


Amplifier is an octal-based 
plug-in unit which nobly 
serves as nucleus for accurate 
feed-back computing. 
With an output of 
“+ 100V the K2-X 
| is priced at $24. 
The K2-W at $20. 
puts out an ample 
£50V with less 


Model K2-P is a power needed. 


Stabilizing Ampli- 
fier used in tan- 
dem with the 
K2-W or K2-X. It 
provides long term DC Stabil- 
ity measured in microvolts, All 
plug directly into the HK 
(shown below) or other en- 
vironments, The K2-P having 
inherent stability below 0.1 
MV is priced at $55. 


The Model HK 
Operational Amplifier in the standard ver- 
sion offers 10 K2-W Amplifiers for analog 
calculations of infinite variety. A stabilized 
HK using K2-X and K2-P “paired” plug- 
ins provides greater output plus stability. 
The standard HK with 10 K2-Ws is $360. 
The stabilized HK with 5 of above “pairs” 
is $555. 


Supplied also in a self-powered version as 
the compact Model HKR Operational Ten- 
fold, all manifolds can be purchased in 
either standard or stabilized forms or 
in other combinations. 


For rapid utilization of the HK 
or HKR, Model K- Modular As- 
sembly units are offered either 
in kit form or assembled as Ad- 
der, Coefficient, Differentiator, 
Integrator or Unit-lag Passive 
Operational Plug-ins. Prices fur- 
nished on request. 


One of the 

ny “power packages” 

rom GAP/R is the Model R-100 

Regulated Power Supply, conservatively 

rated at 100 ma, © 300VDC, and modestly 
priced at $130. 


Indicated below are two possible arrange- 
ments whereby your laboratory or engi- 
neering office can obtain a basic computing 
facility at minimum cost. 


20 OPERATIONAL 10 STARLIZED 
AMPLIFIERS AMPLIFIERS 
Plus Requieted Power Plus Requiated Power 


2 Ke (with 10 HD Wa) tine 
| 8.100 Power Supply i 


2 Mis (10s 10 P's) Bitte 
2 8.100 Power Sueppties dee 


yeno sino 





For more details and other information 
please write to: 


George A. Philbrick Researches, Inc. 


230 Congress Street, Boston 10, Massachusetts 
GAP/R 
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WHAT’S NEW 


pneumatic and electric actuators. auto 
matic weighing and counting, scanning 
and logging, and the economics of 
process control. But the most inform 
ative sessions had to do with data 
handling systems. ‘Thre speakers re 
viewed the technical and economic 
advantages of this new adjunct to 
process control—all warning that such 
systems should not obtain data for its 
own sake . . . but are onh 
if the data are put to rapid use 

Panellit’s Al Sperry was most articu 
late He commented that even the 
most elaborate equipment available 
today yields little more than lower 
level decisions—that is, simply infor 
mation about the process itself rather 
than information about the process 
im relation to the overall higher level 
inanagement operation. ‘Thus he feels 
that the challenge ahead involves faster 
closing of the information loop around 
management-decision functions 
duce the time scale of the process, 
operator, technical staff, and manag 
ment in decision making, says Sperry, 
will require an unrelenting use of th 
best equipment available and quick 
adoption of promising new techniques 
and deve lopments in the field 


feasible 


lo r¢ 


Dallas, Jan. 19-21 


Computer simulation as sole theme 
for a national meeting got an auspici 


ous vote-of-confidence in this throb 


REAL SPEAKERS ON SIMULATORS 


Three of the Texas Simulation ‘ 
spe iker i tor) Julius lou, U of Penn 
High Accuracy Operational Digital 5: 
tion’); C. C, Calvin, Chance Vought Ai 
Repeatable Generation of Noisé h 
Masked Cathode Ray Tube H. bk. Blan 
Hycon Eastern Performa Re 
for Flight Table 


l exas 
engineers came to heat 
ing in content from the 


bing metropolis, Over 
5») papel ig 
inalog simu 
lation of missiles, tanks, and torpedoc 
to an arrangement for studying human 
dynamics in a_ closed-loop 
Significantly, there were also five pa 
pers dwelling on the use of digital 
techniques in simulation. The confer 


ystem 


ence was sponsored by the Dallas and 
ort Worth sections of the IRE, the 
North ‘Texas section of AIK E, and th 
Dallas-Fort Worth chapter of the A 


sociation for Computing Machinern 


YE OLDE YANKEE INSTRUMENTS FAIR 


Things may be staid in old Back Bay, but 
when the Boston chapter of ISA decides 
to put on a regional show and symposium, 
it does it up as brown as the proverbial 
local baked beans. The picture shows just 
a few of the 59 exhibitors who flocked to 
fill space at the Sherry-Biltmore Hotel on 


Jan. 10-11. But it does not hint at the 
amazing attendance: 1,582 registrants to 
vend and look, and 400 serious note-takers 
at the symposium on analysis instruments 
and process control. Owen C. Jones, ex 
hibit chairman, says more space will be 
needed for future Yankee Instrument Fairs. 
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“ALTERNATING CURRENT MOTOR 
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TYPE [A FRAME Pe 
volts a CYCLcs 
AMPS. PHASE 
R.P.M. fe 
Ou: Ma: __ 
©) cemeervorrcrr i eemeeenans 


MANI 


@ iT: MASTER ELECTRIC C0, DAYTON, 0., U.S.A. 


















What are your power drive requirements? Here 
at Master, with the widest selection in the nation 
to choose from, you're sure to fill your needs 
quickest and best. 

Need something special in gear reduction 
electric brakes — variable speed operation — fluid 
drive or special mounting? Or would some of 
our standard models (\% to 400 H.P.) fill the 
bill? You'll find the answer here! And remember, 
all Master components are engineered to form 
combinations of units in one streamlined, com- 
pact package of efficiency. Name your need and 
the name that fills it is Master—-for greater sal- 
ability of motor driven products; for increased 
productivity of plant equipment. 


Motor Ratings ‘1% to 400 H.P. All phases, voltages and fre- 
quencies 

Motor Types... Squirrel cage, slip ring, synchronous, repul 
sion-start induction, capacitor, direct current. 

Construction .. Open, enclosed, splash-proof, fan-cooled, ex- 
plosion-proof, special purpose 

Speeds Single speed, multi-speed, and variable speed. 

Installation Horizontal or vertical, with or without flanges 
and other features 

Power Drive Electric brakes (2 types)— 5 types of gear 

Features reduction up to 432 to 1 ratio. Mechanically 
and electronically-controlled variable speed 
units—fluid drives—every type of mounting 


ELECTRIC COMPANY 
DAYTON 1, OHIO 


Parallel Shaft Gearmotors 









Right-Angle Shaft Gearmotors 


5, 


ik: 


r 


Unibrake Motors 


Speedrangers 


“ 


- 


% \\ 


= ; 


Standard Motors s to 400 HP 


*- 


Noise Free 
A.C. Power! 


NEW CURTISS-WRIGHT 


DISTORTION ELIMINATING 


VOLTAGE REGULATOR 


@ Reduces typical power line distor- 
tion to less than 0.3% 
Furnishes 1.4 KVA of distortion-free 
power 
Electronically regulates 115 V out- 
put to +1% 
Recovery time less than 1/50 cycle 
Provides additional 4 KVA of +1% 
electromechanicolly regulated 
power 
Electromechanicel time constant 
only 0.6 seconds 
Electromechanical regulator, unlike 
usual magnetic voltage stabilizer, 


introduces no distortion or phase 
shift 


Here at last is the ideal solution to the 
disturbing problem of harmonics and 
low frequency noise appearing in 
115 V., 60 cps power sources. In one 
compact package, every laboratory 
can now obtain both 


1) distortion-free, regulated power 
when needed, and simultaneously 

2) a large supply of electromechan- 
ically regulated power for applica- 
tions where normal line distortion is 
tolerable. 


In addition to its general laboratory 
utility, this instrument is ideally suited 
for preventing instability and inac- 
curacy in a.c. computer system null- 
ing Operations. Many other applica- 
tions. 230 V. model also available. 
Immediate delivery. $1,689 f.0.b. 
Carlstadt, N. J. Write for details. 


Component & Instrument Department 
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WHAT’S NEW 


And while it was experimentally pat 
terned after the “Cyclone” and “T 
phoon” symposia sponsored by the 
Navy in New York and Philadelphia in 
1951, '52, and ’53, its obvious succe 
suggests that the Simulation Confer 
ence will now become a national affair 
All papers will soon be published in 
Proceedings of the IRE and can be or 
dered from the conference treasurer 
Prof. Ff, W. ‘Tatum, EE Dept., South 
erm Methodist University, Dalla 


CONCLAVES TO COME 
Cleveland, June 11-29 


Dynamic analysis is like Marilyn 
Monroe. You hear a lot about it, but 
you rarely get the opportunity to per 
sonally sift fact from Well, 
now’s your chance. For although Cas 
Institute hardly offers the lure of Mari 
lyn in its forthcoming summer study 
“Process Control ‘Theory 
with Frequency Techniques”, it does 
give the live control engineer the next 
best thing: an opportunity to get a 
rigorous dose of training in use of the 
tools of systems The 
course Prof. Don and Irv 
Lefkowitz of the Department 


fancy. 


course in 


engineering 
Eckman 
ME 


have set up is no snap 
engineering degree and includes for- 
mal lectures, lab experiments, and 
round-table discussions he $275 tui- 
tion fee 


et is a 


It requires an 


_ lab materials, 
those 
Ol day 


covering book 

real investment for 
control engineers who plan 
to put the new tools of their trade to 
work. Write Don before April 27 


1956, for admission 


Cambridge, June 18-29 
MII 


cial 


offering 
control 


will also bx on 


I 
engi 
neers who wish to brush up on certain 
phases of their art. One such two-week 
Switching 

presided OVCI by Prof 
Caldwell and Asst. Prof 
David A. Huffman, both of the EI 
Department. ‘The will stre 
basic concepts and principles of witch 
will include 
switching algebra, graphical and nu 


summer courses to 


program 1s on Circuits’ 
and will be 


Samuel FE. 
course 
ing and logical design. It 


merical aids to network simplification 
multiple-output network equential 
circuit synthesis and memor 
ments. No previous 
mathematical details of switching ci 
cuits is required. Write the Summer 
Sessions Office, MIT, Cambridge 39, 
for details 


require 
expe;°icnce in 


ISA MEETING KEYNOTERS 


* r 


Gordon Volkenant’s props for his forth 
coming stint at the ISA-Wilmington sym 
posium on Control Systems Engineering 
look intruiging. The former associate di 
rector of research for Honeywell—with his 
comely assistant—is guaranteed to jolt on 
lookers off their seats when he lecture- 
demonstrates “Mr. Electron—Automation’s 
Greatest Master Minder’. Four other less 
heady but equally rewarding papers on 
systems, devices, actuators, and safety, 
round out the program. It will be held on 
April 25, 1:30 pm, at the Du Pont Hotel, 
Wilmington. 


Dr. Elmer W. Engstrom, Senior Execu- 
tive Vice President of RCA, 
appointed General Chairman of the 11th 
Annual Instrument-Automation Confer- 
ence and Exhibit, sponsored by ISA in 
New York City’s spanking new Coliseum, 
Sept. 17-21, 1956. Engstrom, an electrical 
engineer, is well known for his direction 
of RCA’s Laboratories. All signs indicate 
that he will head up a spectacular meeting. 
As of March 1, most booth space had been 
sold—hence roughly 150,000 sq ft will be 
vecupied by exhibits. Over 30,000 are ex 
pected to attend. 


has been 





lf you need to control machine operations, it'll pay you to use 


| la kp mercury pip 


Adlake relays require no maintenance whatever 
chatterless...free from explosion hazard, Dust, dirt, moisture 
temperature changes can’t affect their operation. Mercury-t« 
cury contact gives ideal snap action, with no burning, pitting or 
sticking. Time delay characteristics are fixed and non-adjustab! 
For more information about Adlake Relays, write The Adam 
Westlake Company, 1181 N. Michigan, Elkhart, 


mer 


Indiana. 


The Adams & Westlake Cc ompany : 


the original and largest manufacturers of mercury noid r-type 
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New Series 8000 


4 Madison, April 19-20 
Potentiometer-Recorder 


Ralph Smith, Institute Coordina 
tor at the University of Wisconsin Ex 


js . tops in accessibility and tension Div., will be running thi 
two-day study-review on the control of 
. 
ease of adjustment 


manufacturing processes. ‘The applica- 
tion of specific controls to certain proc 
esses will be the main theme, but 
there will also be a general discussion 
of processes that lend themselves to 
jutomatic control and some possible 
means of controlling them. Fee for 


FLUORESCENT LIGHT ILLUMINATES SCALE AND CHART the course te $20 


(Available os an optional extra) Control Point 
Direct indicating scale—large numerals are easy to see Setting Knob 


Honeywell-Raytheon 
Bottery Life 
_Indicetor 


Offspring Unfurls 
Its Entry into the 


Chart Width ° . 
chad Lene, Big Computer Field 
wide, 120 ft 
_long. _ 


Chert Drive 
witch 
Permits use of 
the controller 
without record 

ing 





Operating Knob 
Twist knob to pull out chart, Finger Holes 
push button to pull out chart Make it easy to grasp 
and recorder drive assembly chart to refer back 


Full Scale Balancing Spee4 
Low speed is 15 seconds, 
high is 2 seconds 


Accessibility and ease of adjustment were 
primary design considerations when 
Wheelco developed the new Series 8000 
Potentiometer-Recorder. While every 
Wheelco instrument is built to function 
with maximum accuracy and minimum 


maintenance, this new null-balancing type electronic recorder was de- Most unusual feature of the new Data 
matic-1000 is this magnetic tape file. Tape 
used is 4 in. wide, mylar coated, and holds, 
in 2,700 ft, as much data as a half-million 
punched cards. 


signed to be especially easy to use 


The front cover swings open 180 deg, thus permitting the chart drive 
to swing out a similar 180 deg, making the internal mechanism acces- 


sible. Wheelco Series 8000 Potentiometer-Recorder is available to , f a 
It’s hard to believe, but less than a 


measure, indicate, control, and give permanent record of variables such vear after its birth the still-bouncing 


as temperature, speed, strain, hydrogen ion (pH), and any other quanti- 
ties which can be resolved into electrical signals. 


Send for new catalog which gives complete technical information on 
this latest Wheelco instrument 


WHEELCO INSTRUMENTS DIVISION 
Barber-Colman Company 


Dept. D, 1548 Rock Street, Rockford, Iilinois 
BARBER-COLMAN of CANADA, Ltd., Dept.C, Toronto and Montreal, Canada 
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Datamatic Corp. has come up with a 
testimonial to the talent of its parent 
(Minneapolis-Honeywell, 60 per cent 
Raytheon, 40 per cent). The proof? 
Simply the first full-dress model of a 
big, classy $1.5-million business data 
processing machine that could well 
be a prime dark horse contender in 
the 1957 computer sweepstakes 
Aside from its professional design 
and handsome styling, Datamatic 
new system lays claim to the front of 
the field on several count 
Pits storage files use a 31-channel 





ALLOWaBiE 
eels Vet: 
VARIANCES , 


THESE ARE 
SO-CALLED 
VARYING 
VOLTAGE 


TROUBLES 


Electrical equipment is designed to operate at a 


specified voltage. It is obvious that equipment 


will perform best 


rated voltage is maintained. 


. . last longer if the specified 


4ORESCENT Tues, 
Our 10oo PAG? 


Voltage is supplied to your plant within certain 


“allowable”’ limits. Even if the voltage reading at 


your doorstep is right on the button, voltage variations occur within the plant. 


STABILINE* Automatic Voltage Regulators end voltage variation head 


aches. They maintain constant specified voltage to voltage-sensitive equip- 


ment regardless of line voltage fluctuations or load changes. There is a 


STABILINE to fulfill the needs of most applications. Let us give you more 


STABILINE type EM6220Y facts. 


*Trade Mark Reg. U. S. Pat. Off 


14663 Titus St., Van Nuys, Cal. « P.O. Box 946, 2881 El Camino Real, Redwood City, Cal 
482-B Eglinton Ave., West, Toronto 12, Ontario, Can. *« 2217 Biscayne Bivd., Miami 37, 
Florida « P.O. Box 48, 721 So. Bivd., Oak Park, ill, « 4033 W. Rogers Ave., Office #2 
Tippett Bidg., Baltimore 15, Marylond « 250 Park Ave., Rms. 502-504 Postum Bldg, New 
York 17, N. Y. « P.O. Box 132, 101 Public Sq., Medina, Ohio + 4515 Prentice St., Room 201, 
Dallas 6, Texas 


THE 


SUPERIOR ELECTRIC 


COMPANY 


THE SUPERIOR ELECTRIC COMPANY 
604 MIDDLE ST., BRISTOL, CONNECTICUT 


Have your representative call 
Send sTABILINE Bulletin 5351 
Name 
Company Name 
Company Address 


City Zone State 
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SPACE SAVER! 


MINIATURE RELAY 


Only .94 cubic inches in size...only 1.2 ounces in weight — yet 
this new ADVANCE TQ telephone type carries 3-amp. 
loads in the 4PDT combination. It’s available up to 6PDT, 
and with class “H” insulation such as Teflon, ceramic and 
silicone. 


It’s extra efficient, too, having only one air gap in the magnetic 
assembly. No hinge pin to wear out —there’s a beryllium 
copper retaining spring which holds the armature rigidly 
in place in 3 major axes, With this construction, plus the use 
of cross-bar contacts, all alignment problems are eliminated. 


Insulation is inorganic, and the coil requires no impregnation 
or filler. Hence there is no gassing or bubbling to cause 
contact contamination, The TQ relay is mechanically 


secured throughout—a feature that adds materially to its- 


high efficiency. 
EXCELLENT PERFORMANCE 


The unit operates on 90 milliwatts or less, and hence can be 
classed as a sensitive type. Withstands 10G vibration (10 to 
55 CPS). Ambient temperature ranges: 55°C to 485°C 
with standard coil... with Teflon coil, ~—55°C to +125°C. 
Life expectancy: 1,000,000 cycles with cross-bar contacts. 
Available in open and hermetically sealed types. Write for 
full description of the ADVANCE TQ. 


WHAT’S NEW 


out | tape that 
in action 
information 
s-1n tape 
Pits large residual 
flexibility permit it 
NOwi, ills for cf Hh} 
lated data, thus skirt 
chanical sort ng 


Pi! mput vst 


uit 


Ih 
translate, edit, and 
1 900 punched 
rinted output is 900 lin 
While it revved-up 
handlicr seems to be the 
tamatic cngimecr 
ts of the svstem 
head of the best in 
ment today They sti 
that they have built into tl 
the ability of acce pce 
thy pecd of inithmeti 
ind the fact that thi 
ictually mean performance gains many 
times greater than the basic tenfold 
improvement offered by tl eversible 
wide tape file 
No muchine have beer iid to 
date But three cor ni ilread 
have sent technicians te ic Newton 
Highlands, Ma plant Datamati 
to be trained in the de 
ramming of the new 
ever, the first complet 
be put to work next fall ill churn 
iv on Raytheon and oneywell 
problem And by the tim ystem 
No is ready, all “bug expected 
to be routed for the in lean sale 


All Around the 
Business Loop 


P An Air lorce officer attending a r 
ent government exhibit in New York 
City gave an interrogator a clue to 
what he might find in a plant that 
produces instruments for aerial 1 
earch. Such a plant has been opened 
in Los Angeles by Fairchild Controls 
Corp. of Fairchild Camera & Instru 
ment Corp. Sherman Fairchild, board 
hairman, resurrected tl juestion 
ind its answer in tellin pre 
ibout FCC new home f Poten- 
tiometer Div. 

Suppose I lived in a house in that 
ity,” the interrogator d. He indi 
cated a city on a strip film, 200 ft 
long by 9 in. wide that | id taken 
+90-mile-wide bite out of the U.S. and 
ripped a sw ith from Li Angeles t 
New York, a distanc I Q milk 
What,” he asked ould 1 tell me 
about it from 40,0( 


§\ ELECTRONICS DIVISION 
ELGIN NATIONAL WATCH COMPANY 
ae FOR RELAYS: 2435 N. Naomi Street, Burbank, California 
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YNAMAT 


K 


Can Solve Your 


Dynamatic electronic controls with their 
simplicity, low maintenance, easy acces- 
sibility, and small space requirements, 
when used with Dynamatic Eddy-Current 
Drives, provide the solution to most ad- 
justable speed drive problems. 


The excitation required by Dynamatic« 
eddy-current equipment is of very small 
magnitude compared to the drive capac- 
ity. For example, a 440 watt control is 
capable of controlling the torque or 
speed output of a 400 HP drive. Control 
and excitation power is taken directly 
from AC lines without the need of cum- 
bersome and complicated convertors, with 
their installation, ventilation, and main- 
tenance problems. 


Since the control elements have a very 
high amplification factor, even the largest 
couplings may be easily and conveniently 
controlled with small adjusting 
trometers 


poten 





The small illustration shows the mini 
mum of typical components necessary to 
obtain adjustable speed with Dynamatic 
eddy-current equipment. Speed regulation 
requirements on the order of 1/10 of 1 
per cent of drive top speed are easily 
and economically accomplished with suit 
able control modifications. With low 
powered reliable electronic components, 
requirements to suit almost all drive 
problems are easily met without appre 
ciably increasing the cost or size of the 
control components 


The following outline of operation will 
indicate the many advantages of this 
Dynamatic control equipment 


EATON 
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Adjustable Speed 


Problems 


Standard electronic control package with hinged cover and 


chassis for 


resistors and 


easy accessibility to 


ontrol components. All 


condensers are embedded in an easily re 


placed assembly. The drive mot tarter can also mount 


in the control 


Direct current excitation applied to the 
Dynamatic Drive coil modulates the 
strength of the magnetic fields and con 
sequently, the amount of torque devel 
oped at any rate of slip between the 
rotating input and output members. So 
that the drive may satisfy load and speed 
demands, this direct current 
varied automatically. 


must he 


Because of the drive's small power de 
mands, rectification of easily available 
alternating current to direct current is a 
simple procedure. A gas-filled thyratron 
tube is all that is needed to accomplish 
the conversion from AC to DC. A recti 
fier used in conjunction with the thyra 
tron tube, plus the highly inductive eddy 
current drive coil, provides a 
flow of direct current as 
the drive 


smooth 
required by 


To obtain desired performance, a means 
of varying the amount of current to the 
drive coil must be provided, The thyra 
tron tube provides this function in that 
the grid of the tube, influenced by an AC 
rider wave imposed upon the DC grid 
voltage, permits a smooth change in 
drive coil voltage from zero up to the 
available maximum 





DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE 


enclosure, which wes 25° x 19% = 14" 


A permanent magnet alternator, driven 
by the output shaft of the 
Drive 
portion to speed, This 
to the 
maintain pre-set speed. With a reduction 
in load speed 


Dynamat 
generates a voltage in direct pro 
directed 
ontrol is utilized tu 


voltage 
electronic 


tends to increase, but the 
generator signals the control so that the 
slowing 
should the 
tends to slow 


drive coil current decreases 


down the unit. Conversely 
load increase, the drive 
down so that the generator signal to the 
electronic control automatically increases 
drive to re 


the current pe ittinyg the 


turn to the pre speed 

Speed and load (current) control are two 
of the standard types of electronic con 
trols available. Because of the almost un 
limited uses and adaptations oft electron 
components, man perations can be con 


veniently controlled uch as tension, 
joReing, 
others where 


ignal can be fed w the 


acceleration, braking, threading 
speed matchir v and man 
an electrical 


control equipment 


Send for our 16-page Illustrated 


Bulletin on Electronic Controls 
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Simply push, then tighten! Anyone can quickly install all-new, lightweight 
Intru-lok wabe fittings ... the proven Parker 3-piece flareless design. Just in- 
sert the tube, then tighten the nut with a regular wrench . . . for a leakproof, 
vibration-proof joint. Made of brass for copper or nylon tubing. Send for com- 


plete details in Catalog 4324. 


Introducing easy-to-use 


PARKER INTRU-LOK 


For soft plastic tubing you use knurled 
nut and expander insert with new Intru- 
lok body. Joints can be disconnected and 
reassembled. Complete details in Catalog 


4324. Send for it. 


Weld-lok fittings, for extreme temper- 
atures, corrosion conditions »».» Mac hined 
from high-quality steel or stainless bar 
. » for tubing %4 


” 


stock and forgings . 
through 2” O.D. 


TUBE AND Hose FitrinGcs Division 
Section 415-W 
The Parker Appliance Company + 17325 Euclid Ave., Cleveland 12, Ohio 


Por 
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Hydraulic and fluid 
system components 








WHAT’S NEW 


Air Force man, | 
took a deep breath and 
ould tell pretty accurate 
of your hou e. what it w 
of, and the relative ag 
munit Wi 
on your own economi 


tell whether you 


ould mal 


iwn mower to 
uu had a te 


underground septic tan} 


1 


A he thie I 


( n describe the cloth 
the line in your back 

Phe Air Force man 
informed the citizen that 
for the rotary mower i 
flage, on pecies of film 
revealed that, too 
rescnce Or ibsen 
And that if he wa 
to have uranium o1 
der his land, instrum 
netometer ind the 
would have told him 

All thi of Course 

ible without the 

Fairchild decl 

teaming the I 
ind other methods of d n and 
ntegrating the whole vith other 
weapons system He revived the 
words of Lt.-Gen. ‘Thomas S. Power 
commander of the Air For Air R 
earch & Development ( 
Preceding World War II 
irsenals were military institution 
day, the Air Force arsenal 
can industry. In order to fun 


team, there must be 


Calnictad 


na 
Hitana 


nilitary 


dence and a wide exchan 

i] information and kn 

| uirchild’s compan 

this ph 
open house it unw! 
tran du 
first in a line of components bei 
veloped by the Potentiomete 


howed ome of th 


time in strengthening 


At the 


brand-new _ pressure 


ind it 
other divisions: gear for 
tion; oscilloscope record 
ind medic i] camcta 
motion-picture camera that 
»,000 frames per sec; and 
di play that depict past 
explorations and shows | 
equipment goes to work 
face of a terrain 
To impress hi 
tailed the duties of his company’s new 
Nuclear Instrumentation Dept. Among 
them: development and production of 
radiation monitoring equipment, con 
trol drive rod mechanisms for atom 
reactors, neutron detector ind asso 
ciated temperature ind flow 
controls. And he threw an admiring 


finger at Milton Chaffe ee March 


point | hild ck 


pre ul 













ins 
ee 

IT WILL SAVE YOU | : \ 

TIME AND MONEY TO | EE 

rT . 99 | crossbar rs 

TO YOUR AUTOMATION | rel, computing oF same 

VOCABULARY 
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~~ 
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ENGINEERING HELPS ECONOMY 


ADAPTABILITY 





58 years of know-how gives you compléte Service data 
“designs that cut costs in production 


KELLOGG 

Switchboard & Supply Co 

Industrial Sales Dept. 

A Division of International Telephone & Telegraph Corp. 


[ | Please send me the booklet on Kellogg Crossbar 


| | Please send me the booklet on Kellogg Relays 
NAME 

FIRM 

ADDRESS 


city ZONE STATE 








WHAT’S NEW | 


issue, page 22), whose appointment as 
director of electronic and systems re 
search is further proof that Fairchild 
is out to fulfill its part of the “‘sys 
tems concept . 

The 25,000-sq-ft plant at Los An 
gC les cost about $500,000 and sprawls 
over nearly seven acres. It’s one of the 
main factors supporting Fairchild’s 
prediction of a 50 per cent increase in 
potentiometer sales this year. 
© ihere’s a different kind of drama 
in the latest move by IBM. Here, too, 
if you put your ear to it, you might 
be able to detect the clicking of littl 
gadgets (for IBM also has a fair share 
but don't be alarmed if all you hear 
is thunder of giant footsteps. You're 
listening to the leviathan of the cal 
culator field making the greatest 1 
gional expansion in its history. 

Item: A new 13-story office build 
ing and data processing center in Los 
Angeles. Here, by mid-1957, one 
lype 704 calculator, one ‘Type 705, 
id at least one ‘l'ype 650 will occupy 
part of the 55,000 sq ft of space IBM 
has reserved for itself. ‘They'll be avail 
able to clients on an hourly charg 
basis. One-third of the company 
West Coast district sales staff will b 
located here, too. Altogether, thi pay 
roll will total 600, 

Item: A six-story office building in 
San Francisco, which should be fun 
tioning by the time this issue is out 
On the four floors occupied by IBM 
are a service bureau containing data 
processing machines and smaller 
equipment, classrooms and other edu 
cational facilities, and another third 
of the West Coast district sales office 
Personnel here comes to 300. 

Item: New manufacturing, engi 
neering, and educational facilities at 
San Jose. This section will draw 1,500 
employees to its 400,000 sq ft when 
it opens in the fall. One of it prin 
cipal projects: work on data processing 
machines with random acc 

Item: A new office building in 
Santa Monica More than 150 al 
ready are at work in this two-stors 
11.078 te) ft-structure 

Item: Data processing centers in 
Portland, Ore., and Seatth These 
facilitics give the Pacific Northwest 
its first real taste of electronic data 
processing machine A Type 650 i 
ilready at work in Portland. Seatth 
where another go« into action in 
June, is home for the rest of the 
district sales staff 

IBM. has also established, within 
its Research & Development Dept 
an independent research organization 
under Ralph L. Palmer, formerly di 


ACTUAL 


RELIABILITY 
Count 
Most 


Let Clifton Siz 
place of larger : 
very significant : 
weight and bulk, yet at no 
sacrifice in accuracy 
or reliability 


In airborne equipment, why load on unnecessary weight? 


By the early introduction of our Size 8 Synchr eries 
we figure to have saved the Air Arm | Ton of 


dead weight in 1956 alone 
Samples from stock, quantities from the production line 


Write for complete electrical data 


CNpc SIZE 8 SYNCHROS 


ACCURACY 7 MINUTES 
WEIGHT 32 GRAMS 


[hele] au ae) 


TT 


FOR SYNCHRO PROGRESS 


CLIFTON 


PRECISION 


PRODUCTS < “-. 
“-. 
ea -— 
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a 
COLMAN 


compact, powerful 
high quality for a wide 
range of applications 








Looking for a d-c fractional hp motor 
of unusually high quality, high depend- 
ability? Specify Barber-Colman, the ver- 
satile line of small motors in both per- 
manent magnet and split series types... 
in various mountings and speeds, and 
outputs up to 1/10 hp. Ideally suited to 
power 


electro-mechanical actuators, 


switches, blowers and programing de- | 


vices, Barber-Colman small d-c motors 
are also available with lightweight radio 
noise filters to meet radio interference 
requirements of USAF. They are ideally 
suited for use as tachometer generators. 
Whatever your problem involving small 
motors, consult Barber-Colman Com- 
pany for an expert solution, 


Write for free catalog No. 100 


BARBER-COLMAN COMPANY 


Dept. D, 1448 Rock Street, Rockford, Iilinols 
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WHAT’S NEW 


CONTROL A-BUILDING—WEST AND EAST 


ie. 


7 _ 


7a 


240,000 sq ft for Kearfott in Little Falls, N. J.: 


Nucleus is a 
new Product Development Laboratory 
at Poughkeepsie, N. Y., headed by 
Horace §. Beattie, who has been man 
iger of the Poughkeepsie Engineer 
ing Laboratory. Object of the move: 
“to develop business machines of the 
future”. 

Building activity is pulsing through 
other sectors of the business loop, too. 
Evidence: 

PAn_ engineering-sales 
Little Falls, N. 


rector of engineering 


building in 
]., for Kearfott Co., 


. job is the big one: but others figure just as prominently 


in IBM plans. 


all the works to go under one roof. 


Inc. Offices, laboratori« pilot plants, 
and other departments will be cen 
tralized in the 240,000-sq-ft structure, 
to be completed early next year It 
will increase Kearfott's 
to 600,000 sq ft. 

>A $20-million expansion program 
by Lockheed Aircraft Corp.’s Missile 
Systems Div. (see February issue, page 
24). Lockheed has joined forces with 
Stanford University in a project that 
calls for a new dual headquarters for 
missile production at Palo Alto and 


working space 
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SHOWN ACTUAL SIZE ONLY 0.160” x 0.130%’ | 





Woullde Quollost Tansiitor 


Hermetically sealed, Opens the way to new advances 


resistance-welded 


metal case in space-saving audio design 


..- leads sealed in glass. 
A new achievement from Philco laboratories, the M-1 ‘Audio 
Exceedingly low noise. Mite’ Transistor is smaller than any transistor now in production ! 


It retains all the desirable electrical characteristics, all the mechan 
Uniformity of electrical 


‘fe ical features, all the performance of the Philco 2N47 the 
characteristics. 


transistor proved in the field to be without equal in hearing aid 
; ial The “Aud rmetically sealed ; 
Maximum reliability applications. The ‘Audio Mite’’ is hermetically sealed in metal 

{ 


and long life. the unique Philco way . the design that has earned a re putation 


as the most reliable hermetic seal in the industry. A wide new field 


Impervious to moisture in low level audio applications is opened to design engineers by 
and humidity. 


this tiny PNP alloy junction transistor 


For complete technical information write to Dept. CE-2 


LANSDALE TUBE COMPANY 


A DIVISION OF PHILCO CORPORATION 
Lansdale, Penna. 


PHILCO CORPORATION 


LANSDALE TUBE COMPANY DIVISION 
LANSDALE, PENNSYLVANIA 





5000 MICROSECOND 
DELAY LINES 


LONG DELAY 


New EPSCO 5000 microsecond Preci- 
sion Delay Lines Model DL 0510-400/ 
125 are specifically designed for use in 
precision analog computing, auto-corre- 
lation, function generation and son 
and sub-sonic applications, These units 
have found application in the study of 
speech wave-forms, wow and flutter of 
tape transport mechanisms, sonar re- 
turns, sonar ranging and servo analysis 


They feature extremely long delay 
(which may be further extended by cas 
cading several units), low attenuation 
and excellent phase linearity over a 
wide range of frequencies. 


Design is based on M-derived tech- 
niques and employs very high-Q toroidal 
inductance assemblies and _ ultra-stable 
capacitors. Taps are brought out on the 
front panel by heavy double-turret lugs 
for easy accessibility. 


SEND FOR BULLETIN ADL-6 


EPSCO 


INCORPORATED 


88 COMMONWEALT 


CONTROL ENGINEERING 


LOW ATTENUATION 


EXCELLENT PHASE LINEARITY 


CHARACTERISTICS AND SPECIFICATIONS 
Overall Delay 5000uas +1% 
Characteristic Impedance 
Number of Taps 
Delay between Taps 40.0us 
Attenuation including 

insertion loss Better than 3db at 4kc 
Better than 6db at 7kc 
Low Frequency insertion Loss 
Cutoff Frequency 9.5kc 
Phase Linearity +0.2% up to’G6kc 

+1% up to Bkc 
Size 19” x 5%” x 9” for relay 

rack mounting 
Weight 35 ibs 
*Also available with 470; 600 and 1,000 ohm 
impedance 


; 
; 
; 
; 
; 
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WHAT’S NEW 


Sunnydale, Calif. First on the agenda 
are two Stanford laboratori ind the 
initial Sunnydale construction. Cost 
$7 million. The present missile bas 
at Van Nuvs, Calif... wil 

operation for some time 

P An clectronics plant in Den fe 
The Ramo-Wooldridge Corp Dh 
new development, whose 172,000 sq 
ft will allow for future expansion, will 
have as a neighbor Glenn L. Martin’s 
ballistic missile plant, also a-building 
Ramo-W ooldridge will concentrate on 
military systems for the time being 
later will take on commercial work 
P A new home for Reeves Instrument 
Corp. This move by Re is at 
once expansive and collective In a 
refurbished $5-million plant in Min 
cola N \ are oncentrated ill 
Reeve research 
production programs previous! it 
tered about Roosevelt Field. Work 
ing space has increased 30 per cent 
to about 500,000 sq ft 

PA $3,300,000 he idquartes building 
in Downey, Calif., for the Autonetics 
Div. of North American Aviation, 
Inc. ‘This will be the hub for oth 
Downey development on ilrcad 
They'll share Autoneti 


work im computer yircraft fire 


ck clopment nd 


compl ted 


trols systems, and automat 
tion systems 
> Larger quarters in Richmond Hill 
N. Y., for General Transistor Corp 
his move, from the former base im 
Jamaica, means 200 per cent mor 
manufacturing space 

Among other developments around 
the business loop 
> With the formation of an Industrial 
Computer Section at Electronics Park 
Svracuse, N. Y General Electric 
moves into the industrial computer 
held lo be integrated into the 
section are specialized engineering 
military projects and all other aspect 
of the company’s widespread com 
puter work. An advanced engineering 
development program is alread 
ing under the section’s n 
manager, H. R. Oldfield, J: 
been manager of the Microwave 
oratory at Palo Alto, Calif 
P Sperry Gyroscope Co. ha 
awarded a $74 million Air ko 
tract for production of ad 
borne radar systems. ‘The order, wv h 
follows development if Cs ht 
150-lb unit 
year, calls for an undi 


weight 
numbe I 
for troop transports and cargo plan 
> Minneapolis-Honeywell Regulator 
Co. has set up a Vienne ubsidiary 
Honeywell G.m.b.h., to provide sal 
Austria 


engineering, and service t 





Baldwin 
SR-4° system 


controls mixing 


to .1% repeatability 


In a west coast processing plant, liquid sugar is 
mixed automatically by a Baldwin SR-4 system 
whose accuracy is within .1°% repeatability. 

Here’s how it works. A 2,500-gallon mixing 
tank and 10,000-gallon storage tank stand ver- 
tically on triangular frames whose corners rest 
on Baldwin SR-4 load cells (photo at right). 
These strain gage type cells measure tank weight 
changes and transmit electrical signals to a 
Baldwin indicator-controller (photo above) 
which shows total weight of tank contents in 
pounds. 





To start the process, dry sugar and water 
valves are opened manually; from there on 
mixing is automatic. When the load cells signal 
that predetermined proportions have been 
reached, sugar and water flow are shut off by 
the indicator-controller. 

Baldwin SR-4 systems can be developed for 
any application involving load, pressure, ten- 
sion, torque or thrust. Custom-built systems 
range from simple weighing and measuring 
devices to complete feedback control. “*Pack- 
aged”’ systems and component transducers are 
also available. For illustrated bulletins, write 
us at 806 Massachusetts Avenue, Cambridge, 
Massachusetts. 


ELECTRONICS & INSTRUMENTATION DIVISION 
BALDWIN -LIMA-HAMILTON 


DIVISIONS: Austin-Western *« Eddystone * Hamilton + Lima + 
Loewy-Hydropress * Madsen « Pelton + Standard Steel Works 





LET HARTFORD 


carry the load 


ON YOUR 
BEARING REQUIREMENTS 


PRECISION 


SPECIAL 
BEARINGS 


If your product requires precision 
balls, thrust retainers, or bearings 
made to your specifications, it will 
pay you to check with Hartford, And 
if you are in a hurry we can ship 


al once on nearly a thousand items, 
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FREE HARTFORD LITERATURE 
Check Htems Desired 

Hartford Precision Balls 
Hartford Thrust Retainers 
Angular Contact Bearings 
Hartford Ball Retainers 


Versa Twin Double-row Ball 
Bearings 


Triple Action Tumbling Barrels 


Hartford Steel Burnishing Balls and 
Materials 


attach this covpen to your letterhead 
please sign your name and position 


CCC CREE OOOO eH eee ee eee eee 
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tford 


PRECISION BALLS 
@ BEARINGS 


HARTFORD STEEL BALL COMPANY, INC. 
6 Jefferson Ave. 
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W. Hartford 6, Conn. 


ENGINEERING 


W. B. Heinz 


I. L. Kasindorf 


Important Moves 
by Key People 


Phe well-known cigarette manufac 
turer that incorporated it into its tag 
line literally put Industrial Nucleonics’ 
AccuRay process control system on 
the lips of millions of Americans 
When that happened, AccuRay b« 
came almost as familiar to smokers as 
the man behind it is to engineers. The 
man is William E. Chope, 32-year 
old president of Industrial Nucleonics 
Corp. In 1952 Chope was named 
“Man of the Year” by the Columbus, 
Ohio, Junior Chamber of Commerce. 
Soon afterward the U.S. Junior Cham 
ber presented him with its Distin- 
guished Service Award. He’s also been 
singled out to head the nonprofit 
Board of World Neighbors, Inc., or 
ganized four years ago to plant U.S 
knowhow in the world’s underdevel 
oped regions. Now Chope has been 
honored again: this time by Eta Kappa 
Nu fraternity, which dubbed him 
“Outstanding Young Electrical En 
gineer of 1955.” The citation came 
at the Mid-Winter meeting of AIFF 
> Askania Regulator Co. got a chief 
engineer when it acquired Heinz En 
gineering Co. The new chief: W. B. 
Heinz, owner of Heinz and a special 
ist in comprehensive distillation, in 


R. O. Endres 


>. Dunn 


trumentation, and automatic proce 
controls 

> James M, Klaasse has been taken on 
by American Instrument Co. as chief 
engineer. An expert in 
physics, and _ electroni science, 
Klaasse has held posts relating to 
these fields with Beers & Heroy, the 
U.S. Naval Ordnance Laboratory, 
and the Office of Atomic Energy. Be 
fore joining American Instrument, he 
was chief engineer for W. & L. | 

Gurley of Troy, N. ¥ 

> Servomechanisms, Inc., has raised 
Ira L. Kasindorf, formerly staff en 
gineer in the Eastern Div., to chief 
development engineer of the Eastern 
Components Div 

P As director of engineering develop 
ment, Richard O. Endres wil! super 
vise Rese Engineering's line of digital 
computer and magnetic memory cor 
test equipment. He comes to the 
company from RCA’s Engineering 
Products Div. 

> Dr. Louis G. Dunn will continue to 
direct Ramo-Wooldridg¢ 
search activities in the upgraded ca 
pacity of vice-president. Before join 
ing Ramo-Wooldridge in 1954, he 
headed Cal Tech’s Jet Propulsion Lab 
oratory, which developed the Corporal 
guided missile under his 

I'he success of the missil 
him the Army’s Certificate 


scismology, 


s missile re 


upervision 
brought 


of Appre 





\e Single-lead 
Terminals 


> 
Available now 
to Engineers and Designers! 


NEW! OVER 100 PAGES! > Multi-lead 
N Headers 


| HANDBOOK 
and CATALOG «= @ = 


INCLUDES COMPLETE DATA Contains full 
electrical and mechanical data on over 500 standard types 
with a helpful discussion of accepted installation Plug-in 


techniques. ; Connectors 
REQUEST YOUR FREE COPY NOW This 

authoritative brochure will be particularly useful for de- 

sign, production and purchasing staffs for specifying 

installing and ordering service-proven E-I glass-to-metal 

seals. To obtain your copy, just write E-I on your company 

letterhead. A copy will reach you promptly! Diode and 
Transistor 
Closures 


Crystal and 
Sub-miniature 
Closures 


Special 
Application 
and Custom 
Seals 


(R 


ELECTRICAL INDUSTRIES Accepted 


44 SUMMER AVENUE, NEWARK 4, NEW JERSEY J = Methods of 


Installation 
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| SINGLE 


SPIDER GEAR 
DIFFERENTIALS 


by FORD INSTRUMENT are 
7 ways 
superior 


OO ee | 


DAMAQM 


 eeemeaemaaes 


AVAILABLE IN 


four sizes: 1/8”, 3/16", 1 
shoft diameters 


4”, and 5/16” 
FOR EARLY DELIVERY 


Ford Instrument’s single spider gear 
differentials are engineered to high 
est military and commercial stand 
ards ... to provide extreme accuracy 
in addition and subtraction, and in 
servo loop applications, 


1—High sensitivity. 

2—Minimal lost motion. 

3—Precision Zerol gears. 

4—Corrosion- and wear-resistant 
materials throughout. 

5—Minimum working diameters for 
compactness. 

6—Minimum weights. 

7—Rugged, long-life design. 


FREE a fully illustrated 
data bulletin gives per 
formance curves and 
characteristics. Please ad 


dress Dept. CE 


42 
@ FORD INSTRUMENT 
COMPANY 


Division of Sperry Rand Corporation 
31-10 Thomson Ave. 
Long Island City 1, N. Y. 


rents standard components 
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| WHAT’S NEW 


ciation. At the same time W. Stewart 
Hotchkiss joins the Computer 5S: 

tems Div. as assistant 
consulting 
> Leo Rosen is the new executive di 
rector of Anderson-Nichols’ Research 
& Development Div. His 20 patent 
in electronics and clectromechani 

attest to his prominence in these field 
during the past 17 year 

P An Advanced Electronic Data Labo 
ratory has been established by Consoli 
dated Electrodynamics (¢ orp. mm Pasa 
dena, Calif., under Robert L. Sink, 
formerly assistant director of engi 
necring. Sink, who joined the compan 
in 1945 as chief 
had been with 


director for 
CTVICES. 


electrical engineer, 
Litton Ingineering 
Laboratoric: Hewlett-Packard Co 
and General Electric. He is a_ past 
chairman of IRE’s Professional Group 
on, Instrumentation, Other CE ap 
pointments: Gerald P. Foster, formerly 
with the U.S. Naval Ordnance ‘Test 
Station, Pasadena, to chief of the Sy: 
tems Div.’ Francis 
T’.. Greenup, formerly chief design 
ngineer, to assistant chief product 
engineer; Richard B. Mulock, to as 
sistant to the CPE, and Charles EF. 
Johannsen, formerly customer-training 
Analyti 


services section 


engineer, to supervisor of the 
cal Service Laboratory 

> Dr. Norman F. Parker, 
assistant chief engineer of the guid 
ance section of North American Avia 


who ha been 


Leo Rosen 


B. Johnston 


tion's Autoneti Di now is a 
sistant chief of the whole division. He 
was with the University of ( 
Radiation Laboratory befor 
North American in 1948 

Soergel, most recenth r of the 
Electromechanical Product Dept 
hifts his duties to Autoneti new 
\pplications Dept., where he will b 
concemed with customer 
market analysi 


iliformia 
joining 
David G. 


Thianlhage 


relation 
ind promotion 

PAs project engineer for WacLin 
Inc., Dr. Eugene B. Johnston will 
oversee research and development of 
instruments and equipment for medi 
cal research. He will be assigned work 
in connection with Wa L im con 
tract with the Aero-Medical Labora 
torv, Wright Deve lopm« nt Center, for 
maintenance and instrumentation of 
the human centrifuge — facility it 
Wright-Patterson AFB, Dayton 

> Robert A. Gardiner will assist Chief 
Kkngineer Carl F. Schunemann of 
Thompson Products’ Electronics Div 
is automatic control onsultant 
iewly created post Lhe division iTca 
embraces aircraft and missile control 
ubsystems, and components. Gardiner 
formerly was with NACA’s Langle 
\cronautical Laboratory and Airborne 
Instrument Laboratori 

> Edwin A. Houser gocs from Phil 
lips Petroleum Co, to the application 
engineering staff of Beckman Instru 
Beckman Diy 


ment s 


R. A. Gardiner E.. A. Houser 
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How an Electro-Hydraulic Servo System 
solves a difficult testing control problem 


PROBLEM: 


tf LOOU 
y of | 


Write us specifying your component or system problems, and we 


shall be pleased to submit our quotation 


PEGASUS LABORATORIES, INC. 


DESIGNERS AND MANUFACTURERS OF ELECTRO-HYDRAULIC ERVOMECHANISMS 


3690 W. ELEVEN MILE ROAD ° BERKLEY, MICHIGAN 
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BLUE RIBBONS 
MICRO RIBBONS 
MINIATURE AN-TYPE 


GOLD-PLATED CONTACTS, 
BLUE DIELECTRIC FOR ANs 


ANs for POTTING 
SUBMINAX RFs 
CAPTIVATED CONTACT RFs 
SOLDERLESS RFs 


AmPHENOL has participated in hundreds of 
major component development programs in 
cooperation with industry and government 
Because of AMPHENOL’s reputation for quality 
components, creatively engineered, AMPHENOL is 
approached time and again for assistance; 
recent firsts resulting from this cooperation 


include the now standard connectors listed above. 


AMPHENOL is actively engaged in current 
miniaturization programs: new Micro-Ribbons 
are the latest result. Other contributions are 
Subminax RF connectors and Miniature 
AN-type connectors, All are considerable 
engineering feats for all represent a reduction 


in size and an increase in reliability. 


For creative engineering assistance, for 
electronic components produced to the highest 
quality standards in the industry 

specify AMPHENOL! 


AMERICAN PHENOLIC CORPORATION 


chicago 50, illinois 
AMPHENOL CANADA LTD. toronto 9, ontario 





| WHAT’S NEW 


P Among the new presidents of auto 
matic controls manufacturers are: 
William M. Pease, l’cedback Controls, 
Inc.; Robert W. Brooks, Computer 
Control Co., and A. P. Henry, Con- 
trol Specialists, Inc. Pease has been 
vice-president and general manager of 
Feedback Controls. Other new off 
cers of Computer Control Co. are 
Franklin R. Dean, East Coast vice 
president and chief engineer; Kenneth 
M. Rehler, West Coast vice-president, 
and Robert L. Massard, treasurer. 
Also elected by Control Specialists are 
D. 'T. McRuer, chairman; I. L. Ashke- 
nas, vice-president and chief engineer; 
E. T. Sprague, secretary and business 
manager, and G, E, Click, treasurer. 
> Jack C. Boonshaft and David P. 
Goodwin join CDC Control Services, 
Inc., as consulting mechanical devel- 
opment engineer and electronic devel 
opment engineer, respectively. Boon 
shaft was with Fischer & Porter Co. 
das vice president tor cengincering, 
Goodwin with Gemac, Inc., as chief 
engineer. Other CDC appointments: 
Caldwell Jones, automation consult 
ant, to contract engineer; Alfred 
Krieg, instrumentation specialist, to 
procurement engineer, and J. Law- 
rence Tevosky, CDC secretary, to 
vice-president and contract manager. 
P Appointed by Weston Electrical In 
strument Corp. are: Samuel J. Childs 
to vice-president and general manager; 
Russel A. Schlegel to manager of in 
dustrial product sales, and John D. 
MacNamara to field sales manager 

> Robertshaw-l'ulton Controls Co. has 
named Wilbur Jackson and Robert L. 
Wehrli general managers of the Gray 
son Controls Div. and the Aeronauti 
cal Div., respectively. Jackson, an R-I 
vice-president, has been works man 
ager of his division, while Wehrli has 
been Aeronautical’s director of re 
search and development. 

> Dr. Wolfgang Harries, German 
physicist and radar expert, has joined 
the staff of Air Associates’ Research 
& Development Div. Harries, who 
came to the U.S. in 1951, has been 
chief engineer for Matawan Electron 
ics Co. 

> Induction Motors Corp. has placed 
Arthur H. Mankin in charge of studies 
into dynamotors, dc motors, gener- 
ators, and inverters. Mankin’s new 
Dynamotor Dept. will be provided 
with instrumentation for full-scale 
tests under extreme temperature, 
humidity, and altitude 

> Dr. Thomas S. Keenan has been 
named administrator of the University 
of Rochester’s new computing center, 
which recently got under way in 





* Economical ‘2 in 1” Design 
«x Peak Performance 


* Absolute Protection 
* Maximum Interchangeability 


CONSOLIDATED SAFETY RELIEF VALVES GIVE YOU ALL FOUR~AND MORE 











Consolidated Safety Relief Valves satisfy every these valves with the safety relief va ther 
requirement of the most advanced processing manufacturers. Real flexibility of application that 
facilities. Valve action is consistently positive cuts inventory costs! Optically 
You get peak performance even where discharge ing surface and fewer functiona 
lines are long or there is low “superimposed” parable valves contribute great 
back pressure in the relieving system! economical maintenance 

Get top economy and absolute pr tion with 
The Standard type can be converted to Bellow Consolidated Safety Relief Valve ‘ull range of 
type in the field. Center-to-face dimensions of izes and pressures available V for Catalog 
inlet and outlet are such that you can interchangs 1900 for complete informatior 


CERTIFIED AND APPROVED. Both Standard and Bellows Valves ar 
API-ASME and ASME Unfired Pressure Vessel Codes and are certifi 
Board of Boiler and Pressure Vessel Inspectors 


In Canada: Manning, Maxwell & Moore of Canada. Ltd.. Ga 


CONSGLIDATED =:.:-- VALVES 


ee ol A product of MANNING, MAXWELL & MOORE, INC. TULSA, OKLAHOoma 


MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘ASHCROFT’ GAUGES, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, 
‘AMERICAN-MICROSEN’ INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn. ‘HANCOCK’ VALVES, Watertown, Moss 
AIRCRAFT CONTROL PRODUCTS, Danbury & Stratford, Conn. and Inglewood, Calif. “SHAW-BOXK’ AND ‘LOAD LIFTER’ CRANES, 
BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, Muskegon, Mich 


A 
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WHAT’S NEW 


immest with the acquisitio fy 

computer, a Burroughs E. | eenan 
formerly a physics instructor at Pur 
due, will organize the center pro 
gram and supervise installation of 
equipment. On tap: an IBM 

pected next summer 

© Clary Corp. has appoint he tol 
lowing m its Electron iputer 


Div.: John Donan to supervisor and 


Chris A. Christoff and Ralph Powell 
to engineers in charge of mechanical 
md clectronic development, respe: 

tively Donan and Powell joined thi 
company in 1955, Christoff in 194] 
P Ned Darling, former! ith Holl 

wood Mfg. Co. and AiResearch Mfg 
Co., has joined Microlo Corp. of 
Los Angeles as staff assistant to th 


gencral manager 


Temperature Control Problem? 


Call Partlow's nearby office P Sperry Rand Corp., which was born 


for fast action six months ago out of the consolida 
oa tion of the Sperry Corp. and Reming- 
Atlanta, Ga., D. H. Gunsolus, 3252 Peachtree Rd., N.E 


Birmingham, Ala., General Combustion Co., 652 Brown Marx Bldg ton Rand, Inc "9 h ; a * rted ae 
Boston, Mass., F. R. Waugh, P.O. Box 47, Waltham, Mass h indsome hgure s for it nt h ilf 
Buffalo, N.Y., E. H. Seelbach, Box 56, Kenmore Sta. ‘ 
Chicago, Il., Finn & Conway, 8216 8. Western Ave. ae Par ere 
Cincinnati, O., CG. T. Desjardins, 515 Melish Ave 925,95), 0 5 W hic h Va equ il 
Cleveland, O., Glatte & Co., 2012 West 25th St. cents on each of its 25.464.829 com 
Dallas, Tex., C. A. Drum, 6331 Northwood Rd 

Davenport, la., Deco Engineering Products, 320 Western Ave. 
Denver, Colo., Slaybaugh-Thompson Co., 100 W. 13th Ave ments of $353,.943.8 SU Jubail int di 
Des Moines, ta., Deco Engineering Products, 1112 Locust St 
Detroit, Mich., O. Stirling, Ine., 6432 Cass Ave 

Fargo, N.D., Dakota Elee. Supply Co., 1017 4th Ave., N. dividend on thi COMMON toch ind ! 
Greensboro, N.C., J. L. Paradis, P.O. Box 5121 S$] }24 dividend on the pret ed 
Indianapolis, Ind., Young-Streeter Co., 6220 College Ave 1 r . 
Kansas City, Mo., Brandwine Equip. Co., 4638 Nickels Pkwy > | nlike ope rr Rand Minne apolis 
Los Angeles, Calif., Pacific Scientifie Co., 1430 Grande Vista Ave I loneywell Regulator ( 0. h be en 
Memphis, Tenn., C. J. Gaskell Co., Ine., 216 N. Lauderdale Ave. 
Mexico, Southmost Equip., Ine., P.O. Box 1524, Brownsville, Tex . 
Montreal, Can., Bescom Corp., Lid., 1015 Atwater Ave end figures show it. Honeywell, which 
New Haven, Conn., Etter Engineering Co., P.O. Box 1944 makes pra tic illy 
New Orleans, La., F. P. Fischer Eng. Co., 7924 Maple St 

New York, N.Y., A.M. Stock, Ine., 2801 Central Ave., Union City, N.J. matic controls reports its greatest year 
Omaha, Neb., Deco Engineering Products, 4305 N. 54th St. m its hist« ry Consolidation of it 
Philadelphia, Pa., A. M. Stock, Ine., Rm. 206, 11 West Ave 
Pittsburgh, Pa., Woessner-MeKnight Co., 115 8. Highland Ave - 
Portland, Ore., Pacific Scientific Co., 1218 8. EB. 7th Ave for some of the luster ot the rollowimng 
Providence, K.1., GC. M. Breneckle, Jr., P.O. Box 94, Cranston, R.1. figures: net income, $19,2 75.000, up 
St. Louis, Mo., Brandwine Equipment Co., 1700 Big Bend Blvd. 7 ”- 24F SNS . ~ 

San Francisco, Calif., Pacific Scientific Co., 25 Stillman St from $1 5,345,203; sale » 9 t4.5 mil 
Seattle, Wash., Pacific Scientific Co., 421 Michigan St. lion, up trom $229 4()] + 7 ] he 
Export Office, Ad Auriema, Inc., 89 Broad St., N.Y. 4 


Other “Loop” News: 


ear. Among them: net in 


mon shares outstanding ind = ship 


rectors declared a 20-cent quarterly 


round for quite a spell, and its year 


nothing but auto 


Kuropean subsidiaries can be dited 


higher sales figure was reflected 

l16-cent increase for each Hone 

share 

© Fischer & Porter Co. s t 

full of process instruments « i dem 

onstration tour of Mexico in bruar 
Ihe trailer visited unive tic oil 
THE PARTLOW refineries, paper mill ind chemical 
CORPORATION water, sewage, 

New Hartford, N.Y. 


gas, powc! ind food 
processing plants 

Send for Condensed Some recent acquisitions: Controls 
Catalog of rugged Div. of Brinkman Mfg. Co. by G. M. 
mercury-actuated Giannini & Co.; Whittaker Gyro, 


Dartow Temperature Inc., by Telecomputing Corp.; Bur- 
Controls for gas, ; i 

liquid or solid process lington Instrument Co. b exas In 
control in —30°F to struments, Inc., and Linear Equip- 
1200°F range, ment Laboratories, Inc., | I'homas 


A. Edison, Inc. 
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CRUCIBLE PERMANENT MAGNETS 


give manxwn pe ape Wt sive 
gY maxonim energy PHONON Sty 


Crucible prescription-made Alnico perma- 


nent magnets provide consistently higher 


energy products. 
This means greater design freedom .. . 


more compact products for manufacturers of 


high-fidelity sound equipment, instruments, 
controls, motors, and other magnet equipped 
devices. 


Crucible has been a leading producer of 


these quality magnets ever since Alnico alloy 
were first developed. You can get them sand 
cast, shell molded, or investment cast to meet 
every size, tolerance, shape and finish need 

Next time you need top quality magnet 
or help with magnet applications, call 
Crucible. Crucible Steel Company of Amer 
ica, Henry W. Oliver Building, Pittsburgh 
30, Pa 





CR T C } ¥ LE} first name in special purpose steels 


Crucible Steel 





Company of America 
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In 3 Corrosion’ Resistant Types 


as Pr re ge 


. ne we VP EN | 
NMP NT 
= ‘ 
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ne oye st \ 
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For Pneumatic and Hydraulic Instrument Controls 


TYPE CT—In damp or corrosive locations where a mod and mechanical injury to the tubing, the thermoplast 
erate degree of mechanical protection to the tube is re sheath is applied over the flexible steel armor as shown in 
quired, as in troughs or attached to building surfaces of the bottom construction illustrated above 

supporting means, the construction shown in top view is These forms also provide the other advantages possessed 
recommended, It employs a tough corrosion-resistant ther by CRESCENT ARMORED MULTITUBE which includ 
moplastic sheath, resistant to water, acids, alkalies, oils, most permanence, lower over-all cost and ease of installation 
chemicals, and is flame-retardant CRESCENT ARMORED MULTITUBE consists of long 
le ngth tubes TWISTED TOGETHER to permit bending 


TYPE CTA—Where maximum mechanical protection is ' 
without distortion. In each layer one tube is a bright blue 


desired during or after installation, such as direct burial : 
color, affording a fast means of identification from both 


in concrete and pulling into conduit, an interlocked gal 
nas 
vanized steel armor over the thermoplastic she ath, as shown 


Available in long runs up to 1000 feet and uj 
in middle construction above, is recommended 


of copper, aluminum or polyethylene tubing in siz 
TYPE CAT—For maximum protection against corrosion This product is licensed under U.S. Patent 2,578 


Send for bulletin giving complete information and engineering data. 
c 


CRESCENT INSULATED WIRE & CABLE CO. 


OLDEN & TAYLOR AVES., TRENTON, N. J. 
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type 412 


TIME DELAY 
RELAY 


4 
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NEW—Repeat Accuracy within + “4 of 1% of 
full scale (30 sec. and longer ranges); + Ya of 1% on faster 
timers 


NEW—Full Vision Dial. 200 degree sole assures 
precise settings and fast, accurate readings. Dial and pointers 
protected by transparent cover 


NEW Contacts, rated amps., give positive quick 
make, quick-break operation. Contacts are of silver cadmium 
oxide with ability to handle high inrush currents. 


Se 


NEW Fiexibility in wiring. Nine-position terminal block 
offers side or rear connection presents a variety of wiring 
possibilities 


bs 
a] 


NEW Reset Shock Spring Design licabora- 
tory tested for more than a million operations 


NEW Friction Getting Mechaniam allows 


adjustment even while timer is operating 


NEW—Ratchet Clutch operated by powerful relay, 
provides instant action, no slip 


NEW O-Ring Retainer permits quick removal of 
bakelite housing, exposing entire timer mechanism 


Timer driven by high torque (30 in. oz. at 1 r.p.m.) Cromer 
Type 112 Synchronous Motor 


Ue R. W. CRAMER CO., %c. 


TIMING 
—" SPECIALISTS tn TIME CONTROL 
BOX 46 CENTERBROOK, CONNECTICUT 





Whos handling 
public relations for you 
behind the Iron Curtain? 


It’s not an easy assignment—or the kind you'll find many 
people volunteering for. 


But there is an important “public relations” job to be done 
behind the lron Curtain—for you . . . for America . . . for the 
whole concept of freedom, free enterprise and individual 
rights. This job is an opportunity and a challenge as well as 
a serious responsibility for American business. Fortunately, 
with your help, there is an agency that can do the job— 
Crusade for Freedom, which supports Radio Free Europe 
and Free Europe Press. 


Both these powerful, privately operated organizations 
continually challenge the barrage of Communist misstate- 
ments and false truths. Using saturation radio broadcasts 
and mass newspaper drops from message balloons, Radio 
Free Europe and Free Europe Press are constantly on 
the offensive against the Red campaign to annihilate 
right, reason and national pride. 

Continued and heated Communist protests testify to 
the tremendous effectiveness of Radio Free Europe 
and Free Europe Press. Support freely given by free 
American business and private citizens will increase 
this effectiveness and the scope of their operations. 

A contribution now is perhaps the best investment 
you can make towards a peaceful, prosperous world. 


Give generously. It’s your future! 


Check list for business executives 
in the Crusade for Freedom 


[) Order display material for your company bulletin board. 


C] Plan a paycheck stuffer to fully acquaint your employees 
with the importance of the Crusade for Freedom. 


[-} Plan to conduct an in-company solicitation. 


["] Match employee funds with your Truth Dollars. 


For campaign material ff and information write CRUSADE FOR FREEDOM, East 46th St., N. Y. C. 17. 
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BUILT-IN 
PROTECTION 


POTPOT 


Potentiometers 


Another Clarostat “first,” meeting the latest requirements for 
ultra-dependable components. 


“POTPOT” means potted or encapsulated potentiometers. Either 
in wire-wound or carbon types, including Clarostat Series 48M, 
49M, 43, 37, 51, 58, and 10 controls. New encapsulating material 
means water- and vapor-tight molded enclosures imbedding 
entire unit with exception of external shaft assembly and ter 
minal tips. Special water-tight assembly for shaft bushing. 


Designed specifically to meet MIL-‘STD-202 Test Specification. 
Incorporating necessary salt-spray, humidity and temperature 
cycling requirements of MIL-E-5272 climatic standards. Excellent 
shelf life. Electrical specifications are those of given Clarostat 
control type. 
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People who write ads are not supposed to know a 
great deal about equations like these, and frankly 
we don’t. But we have the feeling you recognize 
them as basic to the development of inertial guid 
ance systems More spec ifie ally. we understand 
they are the vector equations which, in effect, must 
be mechanized through the use of either digital o1 
analog techniques 

AUTONETICS, a division of North American 
Aviation, Inc., has been implementing these and 
other mathematical truths for more than 10 years 
This work is in the hands and minds of the engi 
neers and scientists in our 2,200-man engineering 
department. They have achieved outstanding re 
sults in producing complete guidance systems for 


airplanes and missiles. Also, important precision 


elements of such systems have been developed 


AUTOMATI< CONTROLS MAN 


CONTROL ENGINEERING 


@ Xx 


through a complete understanding of these an 
other equations 

AUTONETICS has complete facilities for the re 
search, de velopment, design flight test and manu 
facture of inertial guidance systems...as well as 
autopilots, armament controls, computers and 
special products 

If your professional interest is stimulated by this 
advertisement, and you would like to know mors 
about AUTONETICS — please write: AUTONETICS, 
Dept CON-N, 12214 Lakewood Blvd.. 
California 


Autonetics A)) 


A DIVISION OF NORTH AMERICAN AVIATION 


Downey, 
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No. 1 of a series 


How to Keep Blood From Freezing 


Showing the broad application range of Fenwal Controls 





The problem was one of providing 
warning if blood under refrigeration 
was subjected to temperatures below 
32°F or above 48°F. Here’s how 
Fenwal Thermoswitch units solved it. 

Fenwal Thermoswitch units were 
connected in parallel series. The regu- 
lar type #17000, which opens on 
temperature rise, closes when the 
temperature falls to its setting of 
32°F. The inverse type Fenwal 
Thermoswitch unit, which closes on 
temperature rise, closes when the 
temperature rises to its setting of 
48°F. Between 32°F and 48°F, both 
Thermoswitch units are open so that 
no alarm is given. 


How Fenwal 
Thermoswitch® Units Operate 


In Thermoswitch thermostats the 
activating control element is the 
metal shell which encases the contact 
elements. Changes in temperature 
cause the shell to expand or contract 
instantaneously. This exerts either 
tension or compression on the struts, 
causing the contacts to make or 
break a circuit. Control in the Fenwal 
Thermoswitch units is calibrated at a 
given shell temperature by turning 
the adjusting screw until contacts op- 
erate. 

Fenwal Thermoswitch Controls are 
constructed as either tension or com- 
pression operated with regular or in- 
verse contact arrangements. 





REGULAR 


INVERSE 


< 





TENSION OPERATED 





INVERSE 











COMPRESSION OPERATED 





ENWAL THERMOSWITCH UNITS are 
lood bank to pre 
enwal units are easily 
» shock and bration 
against dust and d rt 


installed 

vent blood from freezing. Compac 

adjustable, highl 
and are totally 


resistan 
enclosed 


’ 
b 
! 
té 

Tension units may be 
momentary 
ture exposure of 100°F above their 
set point. They also may be subjected 
to any temperature below their set 


operated 


subjected to tempera 








ALARM UGHT 


10 VAC SOURCE 








point without danger. Tension op- 
erated Fenwal Thermoswitch units 
may be set below 0°F but compres- 
sion operated units are recommended 
if rapid temperature changes in ex- 
cess of 100°F or extreme temperature 
overshoots are to be encountered. 
The Fenwal Thermoswitch 
trol is constructed with two silver 
contacts mounted on, but electrically 
insulated from, curved nickel-iron 
struts of low expansion coefficient. 
This element assembly is then 
mounted under tension or compres- 


Con- 





CONTROLS TEMPERATURES .. . PRECISELY 








sion in a seamless drawn brass or 
stainless steel tube. The amount of 
tension or compression is variable, 
depending on the position of the ad- 
justing sleeve 
of the shell. 


Fenwal compression operated units 


and the temperature 


may be exposed to a temperature of 

100°F indefinitely, and to tempera 
tures 400°F above their set tempera- 
tures for short periods of time. 


Proved Applications 


Fenwal Sales Representatives and 
Engineers have saved time, trouble 
and money in all types of plants and 
laboratories by 
temperature 
problems. 


solving thousands of 
control and 
Fenwal Thermoswitch 
units are controlling processes that 
involve liquids, gases and solids. 
Put reservoir of 
technical know-how to work for you. 
has al 
mastered by 


detection 


Fenwal’s vast 


Chances are your problem 


ready been met and 
Fenwal engineer 
Write for new Catalog No. 500 for 
details and complete product listings 
Thermoswitch Thermal 
Controls, including units discussed 
above, Midget and Miniature ver- 
sions of these, Snap-Action Controls, 


and Indicator Controllers 


on Fenwal 


FENWAL INCORPORATED 
594 Pleasant 
Ashland, M 


treet 


Please ser re yur 


00. Our pect prob 


Name 


Addre 
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FOLDING FINS 
TO TAME ROUGH SEAS 


Stabuizer Cuts Stup’s Roll Up tn 90% 
Pmt story sno te sr08 | . ‘ 
fin* Sh 
‘ow 1d like w take » crue more th : 
' ‘ 
. ‘ 





In the development of the Gyrofin* Ship 
Stabilizer, Sperry Gyroscope Company’s 
Marine Division employed EAI's Preci 
sion Analog Computing Equipment 
Equipment renowned for its unparal- 
leled accuracy, reliability,and flexibility. 
Break Through The PROBLEM Barrier One more example of two foremost 
eo companies working together to break 
re the problem barrier through progressive 
engineering. Write Dpt. CE-4, for details 
on Pace Equipment and the rental of 
time and equipment at the EAl Compu 


tation Center in Princeton, New Jersey 
*Sperry T.M 
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INDUSTRY’S 
PULSE 


A Control Reporter 
Tours the Netherlands 


(Corresponding overseas with Conrrot ENGINEERING 1s 
Philadelphia engineer Melvin Fusfeld. In his first letter Mel tells 
how he found control in Holland. Below are some lively frag 
ments. ) 

“We had a long talk with J. M. L. Janssen (Ctl, November 
and December 55) one evening concerning the development 
of control theory in the Netherlands. ‘This alert engineer is 
fast building a world reputation for his work at Royal Dutch 
Shell's Delft Laboratories. !:nhanced by furiously drawn tabk 
cloth sketches, most of our chat concerned the behavior of 
nonlinear systems and | noted that the describing function 

a mighty powerful tool for U. S. workers—is only now 
coming into its own in Europe. Interestingly enough, the chai 
acterization of nonlinear systems by means of correlation 
techniques had been exhaustively studied and found wanting 
‘Correlation is fine, remarked Janssen, ‘if you can tell whether 
your bump is cause or effect. But your system does not have to 
become very complex before you are not sure from which end 
you are trying to correlate.’ He mentioned in passing that he 
had seen some Russian papers that used a sort of describing 
function that was more of a theoretical than a practical tool 
like the Johnson-Kochenburger technique 

“Janssen has set up a very intriguing toy in his laboratory 
he bane of every control engineer has always been the seem 
ingly immutable decay curves displayed by his systems. Janssen’s 
tov (see his sketch) consists of a Spring-mass system riding on ways “It’s only a toy 
designed so that friction is proportional not to velocity, but to now, but... ?” 

acceleration. ‘The slider, B, mounted 
on the ways, C, is free to move with 


boy 

oa 
7 gy or against the springs. On the slides 
& tf xe 


Europe picks up 
the describing 
function 





there are two masses, M, which are 
free to pivot about point A. Now if 
ah d,-=-d, we have the conventional 

. | 
” tree vibrating mass system with its 
usual oscillatory or asymptotic decay 
curve. However, if d; Ad., we produce a couple that acts on 
the slides to increase friction on the wavys—and this frictional 
force is, of course, proportional to the system acceleration 





» 
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D.C. OUTPUT VOLTAGE 
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100 110 120 


PRIMARY VOLTAGE 


———-----= SOLA CONSTANT VOLTAGE TRANSFORMER 
———«-— CONVENTIONAL POWER TRANSFORMER 


100 110 120 
PRIMARY VOLTAGE 


These curves contrast the plate and filament supply voltages obtained from 
@ Sola and a conventional power transformer when line voltage is varied 


from 100v to 130v. 


Improve performance of control components 


with built-in regulating power transformer 


You can make sure your product will always receive correct plate 
and filament voltages by building in a Sola Constant Voltage Power 
Transformer (Type CVE) in place of a conventional, non-regulating 
power transformer. 

The Sola CVE provides +3% regulation of plate and filament 
supply, with line voltage variations of 100 to 130 volts. Regulation is 
completely automatic, continuous and substantially instantaneous 
(1.5 cycles or less). Sola CVE stabilizers have no moving parts or 
tubes, require no manual adjustments or maintenance, and are self- 
protecting against short circuits. 

Three stock units (all with high voltage ct, 5.0v and 6.3v regulated 
windings) are stocked by your electronic distributor. You can order 
production quantities of special units manufactured to your specifi- 
cation. We invite your inquiry. 


Automatic, Maintenance-Free Voltage Stabilization 


O08 SS 


TYPICAL STOCK UNIT: Sola Electronic 
Power Transformers are made for chassis 
mounting. They are furnished complete 
with separate capacitors and capacitor 
mounting brackets. 


SEND FOR FOLDER: 


Please write for folder which 
gives complete data. 


Ask for CIRCULAR 26D-CVE-195 


CONSTANT VOLTAGE TRANSFORMERS for Regulation of Electronic and Electrical Equipment © LIGHTING TRANSFORMERS for All Types of Fluorescent 


ond Mercury V 


‘apor Lamps. © SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Ilinois, Bishop 2-1414 © NEW YORK 35: 103 E. 


125th Si., TRafalgor 6-6464 © PHILADELPHIA: Commercial Trust Bidg., Rittenhouse 6-4986 © BOSTON: 272 Centre Street, Newton 58, Mass., 


4.9354 © CLEVELAND 15; 1636 Euclid Ave., PRospect 1-6400 © KANSAS CITY 2, MO.; 406 W. 34th St., Jefferson 


43862 © LOS ANGELES 23: 


238 £. Olympic Bivd., ANgelus 9-9431 @ TORONTO 17, ONTARIO: 102 Laird Drive, Mayfoir 4554 © Representotives in Other Principal Cities 
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Now the thought-provoking feature of this system is that 
its decay curve iooks like a portion of a sine curve! And note, 
too, that since friction is proportional to acceleration we can 
exercise one of the venerable laws of physics and treat the 
friction like an artificial mass (I’ == MA). It's only a toy now, 
but—? 

“Again and again in conversations, European engineers sooner 
or later pop up with the expression, ‘But of course you in the 
States are way ahead of us in that field.” Then looking about 
me I try to find just where we are ahead and more often than not 
end up by concluding that European technology in that pat 
ticular field is right up to ours. True, there are some places 
where we do have a lead. But I sense a distinct and unjustified 
inferiority complex on the part of the European. Perhaps it’s 
due to his being more gullible than his hardened American col 
league when it comes to America’s prodigious commercial-tech 
nical ballyhoo. Frankly, the European instrument engineer seems 
to be better educated, but he has less practic ir experience 
than his American equivalent. Our engineering has always been 
characterized by the search for the ‘golden mean’ (to borrow 
a term from Plato). The mature, experienced American engi 
neer seeks not the elusive perfect solution to his problem but, 
rather, the solution 
that will just fulfill 
the requirements of 
the job at hand. 

There seems to be 

more of a tendency 

in Europe to ‘re 

search the hell’ out 

of a problem to find 

the best of all possi 

ble solutions. On 

the other hand, the 

l;uropean instrument man seems to be less apt to go into the 
laboratory half-cocked. Generally, lab work is not started until 
thorough study and statement of the problem have been mad 

There is far less of the ‘why waste time talking, let’s try and see 
attitude, which sometimes results in heavy commituns nts of lab 
material and time for testing ideas that might have been desk 

examined far faster, and at less expens« 

“The B.P.M. laboratories at Amsterdam have finished install 
ing their large-scale Ferranti digital computer—one of the first 
of its size completely devoted to solving technical problems 
Much of its operating time will be spent investigating control 
systems. When I visited, the computer was estab lishing stability 
criteria for a rather complex interacting loop system 

“One of the factors that has stimulated growth in the boom 
ing Dutch instrument industry is the import tariff credit plan 
\ Trenaies a manufacturer in the Netherlands imports parts or 
material for products that he will subsequently export, he 
recovers the tariff he paid on these parts when he finally ships 
his finished product from Holland 

“Visiting with the head of the instrument department of onc 
of Europe’s largest oil companies, we got into a discussion of 


European vs. 
American 
control engineers 


Making it easier 
for Dutch control 
manufacturers 
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A REVOLUTIONARY, NEW HIGH PRESSURE REGULATOR 


Look at these outstanding new developments: 


e Widest adjustment range available for manual regulation due to greater 
sensitivity created by a new engineering innovation! 

e 14” tube straight thread gasket sea! bosses per AND10050! 

® Maximum inlet pressure of 4500 psi! 

¢ Internal relief valve and filter! 

¢ Internal valve and filter are removable without disturbing spring and 
diaphragm structure! 


Catalog Number 
Outlet Pressure psi 


110100-2 s/1s0 
110100-4 18/200 
110100-6 30/750 
110100-8 1850/1500 
110100-10 400/3000 


Write today for new engineering data sheet and catalog covering our complete range of regulators. 


ACCESSORY PRODUCTS CORP. 
' 616 W. Whittier Blvd., Whittier, Calif.- Phone: OXford 3-3747 
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‘organizing for new plant instrumentation.’ ‘The flow-sketch he 
drew is revealing. The people responsible for laying out the 


Putting the 
control bite on 
plant designers 


new plant work with an instrument advisory group so that the 
process can be ‘designed for control’. ‘The actual selection 
and specification, though, are done in the Engineering Design 
Div. The Startup group Is a pi kup section composed of instru 
ment engineers from the Design Diy. and process engineers 
from the preliminary design group. An organization such as 
this not only insures plant design for control, but sees to it 
that the preliminary design people realize that whatever they 
concoct has to run 

““By-pass valves or no by-pass valves? A question that has pro 
voked more than one hot discussion in the U.S. is a burning 
issue in many plants over here. Immediately after the war by 
pass valves were ruthlessly removed from around instrumenta Are by-pass 
tion in all new plants as an economy measure. ‘The philosophy valves necessary? 
was also fostered by cut-throat competition among engineer 
ing design firms bidding on a job. Of late, the pendulum seems 
to be reversing—the new plants I visited have added the by-passes 
However, only yesterday I went through a spanking new power 
plant—attached to a paper plant and one of the largest 
captive units in Europe—which was just trving to go on line. Not 
a by-pass or even shutdown valve in the whole plant! Hence: 
every time an adjustment was needed on a control valve or pri 
mary, the plant had to be shut down. ‘The project engineer for 
the design firm was walking around with bags under his eves as 
big as basketballs. But somehow or other it always turns out 
that the instrument supplier gets the blam« 

“Here is another strange method for justifying equipment One reason for 
purchase. Some of the petroleum companies with refineries in buying overly 
colonial possessions have a policy of selecting control equip complex controls 
ment on the basis of its complexity and claborateness—and its 
need tor skilled opcrators and maintenance men. Reason: to 
discourage native governments from trying to take over and run 
the refineries ' 
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solving logical problems 





with Burroughs 


‘y 
il 


TO SHIFT 
REGISTER 


pulse control systems 























aone flip-flop serial binary adder 
. conceived and proved in the same day 


This new and unique serial binary adder will find many uses in digital 
work. But it might never have been developed without Burroughs Pulse 
Control Equipment to act as a. catalyst for the engineer's imagination. 

The engineer who developed the adder, like all others in logical 
design, is constantly faced with the problem of finding new components 
which require a certain amount of experiment and imagination. He is 
most efficient when using equipment that is as flexible as the problem 
and capable of keeping pace with his thinking. In this case, for example, 
his problem was reduced to: (1) setting down the idea in block diagram 
form, (2) interconnecting his Burroughs units accordingly, and (3) 
checking results. 


His original idea was quickly brought to working reality, because a 


tools for engineers 


Burroughs System eliminates many of the usual steps in between. 
And while setting down the diagram for the system hook-up, he was 
automatically specifying not only the equipment he would ultimately 
need to build the unit, but also how to assemble it. Thus, he did away 
with breadboard hardware entirely. 

You can give yourself the same creative edge by letting a Burroughs 
Pulse Control System give your imagination a chance to work. Just 


BURROUGHS CORP. e ELECTRONIC INSTRUMENTS DIV. send us your pulse problem, and we'll gladly work out a Burroughs 
Department A e 1209 Vine Street © Philadelphia 7, Penna. Pulse Control solution . . . at no cost. Or, write for Bulletin 236. 
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Engineers 





Are 


Investments 





Are you— the control engineer —a professional or not? Certainly you are 
subject to the same economic environment as nonprofessionals. You procure 
food, clothing, housing, transportation, and entertainment in the same market 
as the unskilled worker and the skilled technician. Hence, say the proponent 
of collective bargaining for engineers, you are not essentially different than 
production, craft, or clerical workers. Further, according to the American 
lederation of ‘Technical Engineers (AFL-CIO) and the union-afhliated Een 
gineers and Scientists of America, you have no better position in job bargaining 
within the corporate structure than the hourly paid worker. ‘Therefore, they 
say, you should join forces with your ilk and negotiate binding contracts 

On the other hand, says Milton F. Lunch for the National Society of 
Professional Engineers, “professionalism and unionism are incompatible con 
cepts .. . engineering 1s a profession” and the solution lies in intensified 
cooperation between top management and the professional engineer 

The unionist’s excellent argument is built upon the engineer's drive for 
economic well being — today. It calls for: selection by qualification rather than 
wholesale hiring, regular job and salary review, and prompt settlement of 
grievances. But can the unions assure the engineer of a continuing increase 
in his basic investment — training? 

We suggest that both camps consider the engineer an investment: an 
investment of time, training, and experience that pays off on today queaky 
wheels”. But more important: he should be thought of as a major investment 
in his company’s long-term progress. All will agree that a good long-term 
investment should be increased — particularly in the fast-moving control field 
‘his means arranging time for the engineer to keep up with his field by study 
and reading, and by attending the meetings of technical societies. It also 
means providing facilities for his research and encouraging him to publish 
and to teach his findings 

Only by being considered — and treated —as a good investment can the 
engineer bring maximum profit, both to his company and to hirmself. 
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The Precision Class 15 Line 
of ElectroniK instruments 
has calibrated accuracy a 
within +.25° of scale span 
Models include strip and 
circular chart recorders, Pre- 


e cision Indicators, circular 
scale indicating controllers, 

Or ACCHUVAC 9 Vertical Scale Precision In 

dicator. Electric and pneu 


matic control from simplest 
to most complex types 


versatility, price nea a pag 


rate inputs. 


.--Let your application decide 
































The Special Class 14 Line 
of ElectroniK instruments 
is calibrated to an accuracy 
of +.5% of scale span 
priced lower than the Pre- 
cision line. Includes strip 
chart and circular chart re- 
corders and recording con- 
trollers, also circular scale in 
dicating controllers. Electric 
control of the contact, time- 
proportioning or position- 
proportioning type is avail- 
able. 


Millivoltmeter Instruments 
give dependable and accu- 
rate service, at low cost. 
High-resistance galvanom 
eter circuit minimizes effects 
of varying length of extension 
wires. Plug-in unit design 
speeds servicing. Pyr-O-Vane 
controllers, in either horizon 
tal or vertical case, give 
snap-action electronic vane 
control or pulse-type time 
proportioning control. 





G™ a temperature measurement or control 
job to handle? There’s no need to 
around.” 


“shop 
For from one source— Honeywell 
you can be sure of getting exactly the right in- 


strument to fit your needs. 


This is the time-saving—and money-saving 
way to choose instruments. You can choose 
from the most complete, most diversified line 
of pyrometric instruments on the market. Your 
selection can hit the application right on the 
button—giving you the performance you need 
at the price that fits your budget. 


For the peak in precision and versatility, there’s 
the ’ ElectroniK line. This is the 
pioneer ‘“‘continuous balance’’ electronic instru- 
ment that thousands of plants and laboratories 
have used for many years. It’s available in 
eleven basic models, and can provide automatic 
control action from the simplest to the most 
advanced types. 


Precision’ 
For less exacting applications, a new series of 


| HONEYWELL | 


BROWN 


N 


which Honeywell instrument 


fits your 


needs 


instruments—the “‘Special’’ ElectroniK line 

is now available. They provide many of the 
forms of automatic control you can get with the 
“Precision” line. And they cost less bringing 
ElectroniK performance within the reach of 


even wider areas of application. 


For simplified indicating control, Honeywell 
offers a line of economical millivoltmeter in 
struments ... Pyr-O-Vane controllers, with a 
of electric forms and 
Protect-O-Vane controllers for excess tempera 
ture safety cut-off. 


variety control 


Your local Honeywell engineer will be giad to 
help you determine which type of instrument 
best fits the needs of your own application 


Call him today .. . he’s as near as your phone 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa 


Toronto 17, Ontario 


in Canada, 


"eS GAR EOLA S 


Honeywell 


NSTRUMENTS 


imt in Coutrols 





tees -- SOOB FREQUENCY 


Here's a list of the many industrial and laboratory jobs the new 
hp- SOOB Frequency Meter can do for you quickly, easily and 
without elaborate setup 


Count sine waves, square waves and pulses. Indicate 
average frequency of random events. Measure beat 
frequency between rf signals. Determine oscillator 
stability. Measure crystal frequency deviation. Meas- 
ure temperature, pressure, weight and other physical 
quantities which can be converted to frequency. 


This versatile instrument also serves as a convenient automatic 
motor speed control, overspeed and underspeed control and 
makes possible a permanent record of frequency or speed as a 
function of time. And, it may be used for automatic control of 
quartz crystal etching 


hp- SOOB covers the range 1 cps to 100 KC and provides direct 
readings of high accuracy. Readings are not affected by either 
signal or line voltage variations. An expanded scale permits any 
10% or 30% segment to be viewed over the full meter range, 
making possible highly accurate measurements of differential 
frequency. A pulse output is provided to sync a stroboscope and 
continuous recordings of readings may be made on an Esterline 
Angus recorder 


Model 5OOB is extremely compact, light, easy to use and of 
quality construction throughout. It is also available as Model 
500C, calibrated in RPM. 


New, 
convenient, 
compact 


High accuracy 
expanded scale 


Ideal for 
industrial use 


METER ~$285 OD eeeeamasamammmemism 
BRIEF SPECIFICATIONS 


1 cps to 100 KC. 9 ranges. 

0.2 v sensitivity (sine waves 

1.0 v min. (pulses) 250 v peak max 

Input Impedance: Approx. 1 megohm shunted by 40 
wut 

Better than + 2% full scale 

Convenient calibration based on line 
voltage frequency. 

Recorder Output: Panel jack for 1 ma, 1,400 ohm Ester 

line-Angus Automatic Recorder 


Freqency Range: 
Input Voltage: 


Accuracy: 
Self Check: 


Pulse Output: To trigger strobe, etc., in sync. with 
input. 

Panel jack with bias for 1P41 photo 
tube, 40 “uf shunt 


115/230 v = 10%, 50/1,000 cps, 
110 watts 

Size: 7%” x 11%" x 12%". Wt. 17 Ibs 

Price: hp- 500B or 500C: $285.00 


Data subject to change without notice. Prices f. 0. b. factory 


I i i i i f 
i i i i i i 
SEE YOUR -hp- REPRESENTATIVE OR WRITE DIRECT FOR DETAILS 


HEWLETT-PACKARD COMPANY 


3506H PAGE MILL ROAD + PALO ALTO, CALIFORNIA, U.S.A. 
CABLE “HEWPACK” + TELEPHONE: DAVENPORT 5-4451 
Field representatives in all principal cities 


Photocell Input: 


Power: 


hp ELECTRONIC MEASURING INSTRUMENTS 
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TRACING AN ELECTRONIC CONTOURING SYSTEM 


From Idea 
to Application 


One way to machine a complex shape is to copy a mechanical template. 
Starting with this simple concept, Author Jeudon carries through with the 
analysis, design, and application of the S.E.A. Duplicatron, an electronic 
contouring system. Using the systems approach, he establishes the mechan- 
ical requirements, analyzes them to determine control system configuration, 
investigates dynamic performance, instruments the computing and control 
networks, and applies the contouring system to a vertical lathe. It is immedi- 
ately obvious that machine design and control equipment design must be 
coordinated if the two are to function together as a duplicating system. 


A. JEUDON 
Societe d’Electronique et d’Automatisme, France 


When a revolving workpiece is to be machined 
on a horizontal or vertical lathe, the mechanical 
problem is to trace the desired contour with the 
cutting edge of the tool at as 
optimum cutting speed 


close as possible to 
lhere are several ways of 
doing this automatically (see Automatic Machining 

A View and A Preview, Conrrot 
September 1955). ‘The datum dimensions of the 
workpiece can be delivered to the input of the tool 
carriage servo-control unit by: playing back a record 
ing of the tool position coordinates for the complet 
machining cycle; scanning a drawing with photocell 
and the associated optical control system; or tracing 
a mechanical template with some type of contou 
follower. At present, the last scheme is most popular 
from standpoints of both cost and accuracy. But 
even here there are further choices to make. Should 
it be a completely hydraulic system, pneumati 
hydraulic, electronic, or electromechanical? All types 
are being used successfully. This discussion is 
restricted to the analysis and design of an electronic 
contour following system, chosen because of the 
ease of manipulating information and computing 
electronically 

The arrangement is shown in Figure 1. The 
contour follower and the tool are rigidly connected 
and describe exactly parallel paths. ‘This assembh 
is driven in the longitudinal and traverse direction 
with respect to the lathe spindle axis by means of 
the two motors, | and 2. ‘The machining problem 


] NGINEERIN( 


Motor 


FIG. 1. 


Mechanical arrangement of contourmg system 


is solved when the contour follower is controlled 
so that it exactly follows the t mplate 

\ simple, widely-used method 
| at a constant speed, and app! 


to drive motor 
feedback control 
only to the traversing raotor it right angles to 
the lathe bed. In this case, the tool holder is 


APRIL 


1956 65 





an 


Pa 


A 
\ 


(A) (B) 


VIG, 2. (A) The follower is deflected by the template. (B) 
Appreciable friction introduces an angle a, the angle of friction 


FIG. 3. If the follower does not deflect the 
proper amount, a position error results. 


at We ,! 


FIG, 4. Position order acts to reposition 
the follower with respect to the template. 


tilted with respect to the lathe bed to make it 
possible to machine right-angle shoulders. ‘his 
method has several disadvantages: cutting speed 
varies with resultant decreased efficiency; and it is 
impossible to machine some types of profiles. 

In the system discussed here, both motors are 
servo-controlled, and the contour follower traces 
the template at a constant curvilinear speed. ‘This 
method requires a follower that is sensitive in two 
perpendicular directions. How a four-coil impedance 
bridge accomplishes this will be described later 


SYSTEM ANALYSIS 


Figure 2A shows the contour follower in contact 
with the template. 0 represents the free position of 
the follower, while 0, represents the actual position 
of the follower in contact with the template. ‘Thus 

|00,| = « 
represents the follower displacement under the 
thrust of the template 

If the return force is independent of direction 
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cttectively the case in practice), and if the 
is perfectly smooth, the vector 00, is at right angles 
to the template. But if the friction i 
00, makes an angle of plus or minus a with the 
perpendicular, which is equal to the friction ang 
Figure 2B. If friction ji 


tant as long as direction does not changs 


ontact 


not negligibl 


constant, the angle is con 


I'he contour follower delivers two electrical volt 
ges proportional to the projections of 00, on the 


fixed axe 


I herefore, the functions describing the tangent to 


the template at the contact pomt will be 


hen, if the inputs to the two motor | 


peed ontrol} 
loop: are as follow 


V cos ( ” a 
V sin (o a ) 


the tool holder (and the contour follower) will be 


driven parallel to the template at a speed of magni 
tude V. If the input signals arc 


V cos (» L @ 4 = ) 
and - 
V sin (v Fa +-z% ) 


operation 1s identical, but direction is 


TCVC! ed 
hus if there is no time delay, thes¢ 
orders are sufficient to drive the contour follower 


imple 


along a path parallel to the template. But to obtain 
the desired accuracy, a positioning order that main 
displacement i 


tains constant follower 


superim 
posed on the speed orders. If desired follower di 
placement is «,, then the position error, Figure 3, i 
‘ P 
and the projections on the two axes are approxi 
mately equal to 
‘ ‘ COs a a 
r e) sin (0 a 
I'he simplest way to cancel this variation is to super 
impose the following orders on the speed-control 
orders as given by Equations | and 2 
é) cos (6 a 3 
«) sin (@— a { 
where accuracy is independent of machining speed 
for a sufficient bandwidth if 
K k\ 
hus if (<« «,) is small, the superposition of the 
position orders on the speed control orders | 
alent to rotating the speed vector through 


radians. ‘The 


Cquis 
) small 
angle equal to k(« é, ction 1s 


similar to that of a driver who adjusts the steering 





wheel lightly to reposition the car with respect to 
the road, Figure 4 

[he system can be represented by the block 
diagram of Figure 5. The solid-line portion is iden 
tical to the functional diagram of a classic control 
system that simultaneously receives a position ordet 
ind a velocity order. Note, however, that V, X and 
are vector quantities, each representing two 
components, one component along each of the 
Thus, some of the element 
hown in the block diagram actually represent two 
pieces of equipment in the instrumented system 
for example, the block M represents two motors. It 
is also incorrect to consider the system as a juxta 
position of two control systems, each represented 
by this diagram. Both loops interact at the template 
and computer levels, and it is impossible to study 
their respective performances independently. ‘Thi 
is shown in Figure 6, which includes the two signal 
channels and the details of the various functions. 

lhe dotted-line portion of Figure 5 indicates the 


€ € 


two machine axes 


geometric operations performed by the template and 
Ihe three blocks A, B, and C do not 
represent any particular element the system 
but rather schematize the varior 
formed by the template, 
networks 
an intermediate 


the follower 


function pel 
follower, and computing 
lherefore it is nec y to introduce 
variable, s, representing the cu 
vilinear coordinate of the point of contact between 
the follower and the template, m 
to an arbitrary origin 
position 


isured relative 


Block A expresses the follower 
magnitude of deviation of the 
system) in terms of this intermediate 

Given s and the template, block B 
position order X in terms of its two projection 


control 
iriable 


compute > thy 


y =Js 
where f, and f, are the parametri vation 
template profile 
Block B calculates the direction that must be 
to the tem 
plate his direction is related to th 


issigned to the velocity order (tangent 


ontrol 


FIG. 5. Contouring system block diagram. 



































system deviation and the shape of the template 
so that the two perpendicular velocity components 
can be expressed by 


dt 


Block C calculates the velocity order V on the 
basis of the last two relationships and the modulus V, 
the desired tangential velocity along the template 
Thus, the only external orders given to the system 
are the shape of the curve that is to be cut, and the 
tangential following velocity. The control system 
can be thought of as an analog computer that 
implicitly solves the following system of equations 


DYNAMIC PERFORMANCE 


Going on the practical assumption that coupling 
two control systems with identical dynamic response 
does not complicate the theoretical analysis of per 
formance of the composite system, it can be shown 
that in this case the analysis reduces to that of a 
single control system. 

Assume for simplicity that the geometric transfor 
mations produced by cos (@ — a) or by sin (@ — a) 
are not accompanied by appreciable time lags. ‘Then 
designate the closed-loop transfer function of each 
speed-control system by g(p), and the transfer func 
tion of the elements (common to both channels ) 
that generate the error quantity (« «) by a(p) 
‘The transfer function of a system with two degrees 
of freedom can be obtained by recognizing that the 
angle (@ — a) is a quantity introduced at each instant 
by the template, and is therefore independent of the 
dynamic behavior of the control system. Therefore 
this angle is considered a time-invariant quantity. 

In the absence of a position error (« equals «,) the 
trajectory of the follower is defined by the following 
relationships 


X = V sin (0 


(p 
Pp 


(8 


When there is a position error, an error signal is 
generated and the trajectory is defined by 


ip) 
NX = Vi[sin(¢ 1+ Kle «.) cos(@ a) a(p)| VA 
p 


, i] 
Y=V| cosa a) + Ke «) ain(é@ a) a(p)| (10 


\p) 
; 


The difference between the trajectory defined by 
Equations 7 and 8, and the trajectory defined by 
Equations 9 and 10 appears at the follower as a 
position error with the following components 
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) A ‘ 


sin (0 a) ap 


SINCE «, 


and «, are projections of « along the 
e = €, Cos (0 — @) + e, sin (6 a 


Substituting Equations 11 and 12 in Equation 13 


gIVeS 
r V Ke 


Therefore, solving for « gives 


V K a(p) g(p) (1/p 14 

I V K a(p) g(p) 1/p 
his can be recognized as the conventional respons¢ 
of a control system in which the single variable « 
is the input quantity. Since this quantity is fixed 
the position control system functions as a deflection 
regulator. From a stability point of view 
single-variable control system with thi 
open loop transfer function 


this is a 
following 


V K a(p) g(p) (1/p 
In practice, it is possible to choose cither a single 
compensating loop acting on the modulus of th 
error {correction of a(p)| or two identical networks, 
each acting on one of the speed-control systems 
correction of g(p) | 


SYSTEM DESIGN 


The most critical component in the system is the 
contour follower, since the performance of the 
whole unit depends on its efficiency. It should be 

> sensitive—to detect motions of a few microns 

P accurate—to ensure efficient operation of the 
prediction loop 

© rcliable—to avoid frequent adjustments 

> sturdy—to withstand abuse of shop service 
I'he clement used in this system is shown in Figure 

It consists of four magnetic coils mounted on a 
specially designed magnetic core. ‘The flux path of 
each coil closes through a movable magnetic element 
I’, which is integral with the contour follower. ‘The 
coils are connected in a bridge and supplied from 
a 1,000 cps ac source. In the neutral position the 
two bridge legs are balanced. Any change in the 
position of FE changes the armature gap distribution 
so that voltages are generated at X or Y 

Since E moves very little, these generated voltages 


are substantially proportional to changes in position 


The accuracy of this relationship depends essentially 
on the support. The latter is designed so that the 
link joining E to the contour follower can move 
only in a parallel plane. In addition, the return-to 
zero force is independent of the direction of motion 

Regardless of its strength, no contour follower can 
resist the thrust of the tool-holder against the tem 
plate in the event of an incorrect operation here 
fore, safety devices must be included that will stop 
the drive motors when follower displacement exceeds 





] 


Under normal service conditions, 


average follower deflection is about , im., with a 


normal limits 


corresponding force on the template of about | oz 


How to Determine |< «, ) 


The voltages « cos 6 cos wt and ¢« sin @ COs wt from 
the contour follower bridge are in phase (» equals 2x 
1,000). ‘To obtain the magnitude of «, the carrier of 
one of the signals is shifted in phase by 90 deg, and 
then the two signals are summed, Figure 8. This 
gives a voltage that can be expressed by 

ecos (wl + 6 
which gives « after detection. A resistance bridge 
is used to obtain the algebraic sum 
e-« 
This bridge is arranged so that the de voltage cor 
responding to «, can be adjusted at will 
tional techniques are used throughout 


Conven 


How to Determine Cos (|? 
and Sin (4 a) 


The angle a can be introduced quite easily. For 
instance, this can be done by shifting the phase 
of the voltage « cos (wt + 6), already obtained 
for determining «, by the angle a, with cos (@ — a) 
and sin (6 a) being subsequently derived from 
two phase detectors having references of E cos wt 
and EF sin wt respectively 

It could also be introduced by means of a simpk 
resistance matrix operating on the values of cos 
6 and sin @ obtained previously with a linear com 
bination. Because the template and contour follower 
are made of highly polished steel and are well 
lubricated, the friction angle is very small and can 
be neglected. When the template is made of a 


biG; 7. Contour follower 
and its bridge circuit 


material with a significant coefhcient of friction 
such as wood or plaster, the angle a can be handled 
without undue complications 

With this simplification in mind, notice that « is 
always almost equal to the desired follower deflec 
tion «,. Therefore, as a first approximation, it can 
be assumed that the voltage outputs of the contour 
follower coils represent the functions that desernb 
the perpendicular to the template (within a con 
stant factor). ‘This causes a slight amplitude modula 
tion of the speed vector proportional to the error 
in position, ‘This does not affect the tangential 
component of V, and it is possible to approximatel 
compensate the normal component by using the 
nonsymmetrical characteristic of the multiplier 

With these simplifications, the describing fune 
tions are obtained directly from two amplifiers con 
nected to the contour follower bridg« eedback 
circuits included in these amplifiers make gain inde 
pendent of the effects of aging on tube amplification 


FIG, 8. Computing circuit for determining (« 
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How to Determine (« «) Cos § and 
le «,) Sin 9 


Determining these two intervening terms in the 


positional loop requires circuits capable of mul 
tiplying two variables, one of which (sin 6 or cos 6 
is in the form of an amplitude-modulated 1,000 cp 
carrier, while the other (« «,) is already demodu 
lated. Highly accurate multipliers are not necessary 
but since all sign combinations are possible, the 
zero point must be stable. Under these condition 
a symmetrical circuit using two variable-» tubes i 
satisfactory, Figure 9. ‘The cos 6 ac signal is applied 
symmetrically to the cathodes, while the (« «,) a 
voltage varies the grid bias of one of the tubes. The 
plates of the tubes are connected to a push-pull 
transformer, and the secondary winding delivers a 
voltage proportional to the product 

Actually, this multiplier is slightly nonsymmetrical 
with respect to the sign of (« «,). By proper ar 
rangement of the connections (interaction combina 
tions) it is possible to approximately compensat 
for this error and for the one caused by the ampli 
tude modulation of the vector V 


How to Determine the Speed Orders 


Since each of the component terms have been 
determined, the speed orders 


V lain 6 +k le — @) cos O| and V [k (« é,) sin @ cos 6 


can be obtained by a simple summation. After thes 
sums are taken, they are applied to the input of the 
last amplifying stage. Again amplifier gain is stabilized 
by appropriate feedback. ‘The proper sign is then 
detected with reference to phase by a conventional 
balanced detector followed by a double-section filter 
that removes all trace of the 1,000 eps carrier 

[his summation stage includes a relay-controlled 


FIG. 10, Thyratron circuit for con 
trolling split-field series motor 


FIG, 9, Multiplying circuit for obtain 
ing (« — «.) cos @ and (« — «,) sin @. 
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vitch that makes it po ible to follow the t mplate 
in either direction by changing the signs of V co: 
4 and in 6. Also, two potentiometers are provided 
for adjusting V to the desired feed speed 


Power Stages and Speed-Control System 


\fter the two speed orders ar computed, they 
ire carried out by two split-fi ld, thyratron-controlled 
cries-wound motors. This type motor is particularly 
uited to reversing service and the Alsthom design 
especially built for the application, is the on 
‘elected for this system Well-built motors are 
essential in contouring equipment, for when machin 
ing a shoulder at right angles to the axis of the work 
piece, for example, the longitudinal drive motor 
hould stop instantaneously. Of course, this 1 
impossible, but, to approach it, the motor must be 
ible to withstand a very high instantaneous overload 
current Actually, system response is as good a 
po ible considering the limiting factor of 50 cp 
ic supply. ‘The motors can be stopped in some where 
between 1/100 and 1/50 sec 

[he thyratrons are pulse-controlled. The pulse 
ire Obtained by controlling the grid bias of an 
implifying stage saturated by a 50-cps voltage, and 
the derivative of the variable-width square wave 
is used to control the thyratron grids, Figure 10 


Semi-Automatic Operation 


l'o make it easy to contact the template, and to 
permit certain ma hining operation without a 
te mplate, the system provides for semiautomati 
operation. In this mode, it is possible to give the 
tool carriage an arbitrary speed and direction 

Since the follower is not contacting the template 
it produces no signal. Instead, a two-phase, resolver 
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type « omponent 3 


used to generate two voltages 
having the form 


FE sin y cos w t 

where y is the angle of the rotor with respect to a 
given reference. ‘The angle is set by a dial on the 
control panel, calibrated from 0 to 360 deg. ‘The 
tool then moves at a constant speed at the set angle 

If the contour follower contacts the te mplate when 
on sempautomatnu a Safety 
switches the 


immediately 
machine to automatic operation and 
the system executes duplicating work as long as the 
follower remains in contact 


device 


SYSTEM APPLICATION 


This contouring system has been used on many 
types of machines, ‘The one selected for this dis 
cussion is a vertical lathe manufactured by the 
Socictc Anonyme des Anciens 
Charles BER THIEZ, Figure 11. The lathe consists 
of a vertical slide mounted on the upright and a 
cross slide mounted on an arm. ‘The latter is 
equipped with drive motors for duplicating work 
I'he normal feed mechanisms have not been changed; 
slide and carriage motion are obtained by rotating 


a nut with respect to a fixed screw, integral with the 
arm or carriage 


kstablissements 


During contouring, the screws 


rotate and the nuts are stationary. ‘lhis simple 
solution increases lathe flexibility whether it is used 
in the automatic or manual mode. ‘The contouring 
motors are small, so that it is possible to mount one 
on the arm and the other on the tool carriage 

I'he contour follower and tool are rigidly fastened 
to the tool carriage. ‘The contour follower and its 
support are designed so that they withdraw auto 
matically when the lathe is used with conventional 
control, ‘This prevents accidental contact with the 
template when the copying equipment is not 
switched on, ‘The template is mounted on a support 
ing strip fastened to the slide and the arm (rigidly 
to the arm only, since the slide moves ) 


The Lathe as Part of a System 


It should be emphasized that high-precision con 
touring equipment cannot be developed without 
close collaboration between the  machine-tool 
builder and the control equipment manufacturer 
\ duplicating lathe forms a whole system. Although 
the user may consider duplicating to be an accessory 
function, the manufacturer cannot, since the quality 
of the equipment he produces depends largely on 
his comprehension of the coordinated function of 
the lathe and the contouring system. While most of 
the fundamental defects of machine structure ar 
identical, whether the 
automatically controlled 


machine is manually or 
backlash cou 
lomb friction), the machine reacts differently under 
tomatic control and some of the defects may be 
corrected while others are amplified 


1 sili nce, 
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lhe two most important mechanical properties of 
, machine are rigidity and minimum backlash. ‘The 
machine structure must be rigid enough so that the 
relative geometric positions of the contour follower 
and template on one hand, and of the 
follower and tool on the other 


contou! 
are absolutely stabl 
‘his touches on a basic principle of copying work 
It is useless to accurately control the contour 
follower if the tool does not travel an exactly parallel 
path with respect to the workpiece. In addition the 
kinematic chains must be adjusted for minimum 
backlash. for although a small amount of backlash 
has no effect on stability, it does influence surface 
finish 

satisfactory results are being obtained 
with clearances of about 0.0079 in 
to within 0.0004 in 


obtained 


In practice, 
Errors are held 
and good surface finishes are 
Coulomb friction, combined with resili 
ence in the transmission, also affects performance 
Finally, frame vibrations, either from the lathe 
itself or from external sources, are liable to be 
recorded by the contour follower, which in turn 
will transmit them to the computer. ‘Thes« 
are particularly harmful if their fundamental fre 
quency OI harmonics are near the frequency of the 


vibrations 


line current. In the thyratron stage this can cause 


beat oscillations in the servo bandwidth 


The Machining Outlook 


In principle, any profile can be machined with 
this system, since it can cut and move at any anglk 
and direction, and the complexity of the configura 
tion is limited only by the shape of the cutting tools 
It is particularly well suited for machining curved or 
complex surfaces, since specially designed tools are 
not necessary. It is also capable of duplicating pieces 


having sharp, projecting, o1 recessed angles: for 
example, ‘T-shaped annular grooves in casing walls 

( opying equipment is economical for certain types 
of mass production, where part interc hangeability can 
be obtained (even if production is interrupted for 


several months) as long as the template is the 
same and it is properly mounted on the machine 
Electronic duplicators on vertical lathes have saved 
money for the aircraft industries in the machining 
of complex pieces, such as turbojet casings. A 
high-precision workpiece approximately 39 in. in 
diameter and consisting of an internal tapered section 
and various outer flanges has been produced in large 
Other jobs in 
clude machining flywheels, tire mold ind blank 


for spur or bevel gears 


numbers by contouring techniques 
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Selecting Power-Control Valves 


1I—THEIR DESIGN AND PERFORMANCE 


Last month the authors described the characteristics of hydraulic 
and pneumatic power-control valves. Now they conclude their dis 
cussion with an examination of oil and air designs for valve-controlled 
servo drives. Accompany them on an analytical tour of the respective 
characteristics to see how they arrive at the conclusion that a position 
servomechanism can be about 45 times faster with hydraulic fluid 
than with compressed air for the same load mass and supply pressure 
Interim computations in each system have been paralleled for 


convenient comparison. 


J. L. SHEARER and S.-Y. LEE 


Dynamic Analysis & Control Laboratory, 
Massachusetts Institute of Technology 


l’o demonstrate and compare power-control valve 
design procedures for oil and for air, let a valve 
controlled ram (servomotor) like that in Figure | 
be used to position a 500-lb mass within a maximum 
stroke of plus or minus 3 in. in a system like that in 
Figure 2. Assume that the measuring means and thx 
amplifier and valve actuator have negligible lag 
(possible with simple linkages, but generally not with 
electric transducers ) 

System specifications: a maximum load accelera 
tion of 500 in./sec? at zero velocity with a 500-lb 

FIG. 1. A vaive-couuou 

external opposing load; a maximum steady velocity 
of 3 in./sec with a steady 500-Ib external opposing 
load; a fluid supply pressure of 800 psi; a standby 
power loss (load motionless, external load zero) not 
to exceed 0.5 hp. ‘The mass-loaded servomotor should 
have a damping ratio of at least 0.5 to make possibl 
the best closed-loop performance’ 


Ram Area Calculation 


If the valve is displaced far enough from its neutral 
position, the full supply pressure is available to move 
the ram when its velocity is low. Based on accelera 
tion and external load specifications, summing force 

Newton's Second Law) gives 


Ram po ihhonmg servo system 


or, at zero velocity, 


4 n | Ad in f f ( damp 


si) | 
{ ihipilip 
A commercially available equal-area double-actiny mn r( Ib i ly e across the 


cylinder with a net working area of 1.50 in nd fo ( naximum 
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steady velocity with 500-lb external opposing load is: 


dy 
il h al 


(17.4) (3) + 500 


Pw, 
1.50 


= 368 psi 
The dynamic characteristics of the valve-controlled 
ram for “small” changes of all variables are? 


( daY ) ( dAY 
kam - dt kom + kyb d dt ) 
hob + A’ dt "\ hb + A? dt 
daL 


k 4 4 X -_ ky it ke AL 


dt kab + A? 


Damping Ratio 


The damping ratio, ¢,, of the servomotor is given 
by the following equation, or by the graph in Figure 
3;3 

kam + kb 


f= 
2 2 kam (kab 


; 
(ey tq*) 


Continued on top of next page) 











FIG. 3. Graph gives the damping ratio, (,, of an hydraulic 
” pneumatic servomotor. Constants are defined in text. 





HYDRAULIC 


lor oil, the fluid compliance is 
ks Ve 
9f 
where £ is the bulk modulus of pure hydraulic fluid 
with no entrained air, which is 2.5 « 10° Ib/in.? 
I herefore, 


b hs 17.4 (3.25) (1.50) 
A m 1.50 2(2.5 & 105) (1.36) 
3.18 k 10° 


assuming negligible volume in passages connecting 
valve to ram, Using the graph of Figure 3, for a 
damping coefficient, ¢,, of 0.5, 


ke» | 
A Y r ~ 1.0, from which 


j ky 


m 


(1.50) (2.5 & 10°) 
= 3.75 * 10° in.*/Ib sec 


As defined, k. C, + Cy. For the ram motion 
less at the center with no load, the valve must be 
centered 

Assuming no leakage past the ram, 


C, = 0 


~~ l 
micas 


Cc, 
C4 
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375x107 , 
3.4 _10 800 <8 © 10 

0.65 

1.46 * 107% in.* 

So, each of the four orifices would have an area of 
0.00146 in.2 with valve centered The 
power loss would be 

PQ Q 

6,600 5 


quiescett 


Q, = 2Ca Uw \ 


PQ, (2) (0.65) (1.46 10) | 800 
6,600 ~ 8.25 Yl @ x 10-8 
= 0.73 hp 
which exceeds the specified 0.5 hp. Hence Uw must 
be reduced by one-third to 1.0 10° in.” 

To satisfy Uw C, must equal 4 ky; therefore, C 
must equal 4 ko, or Cy 1.25 10% in.5/Ib sec 
\ by-pass capillary can be designed to provide C, 
because it is easier to control in manufacture than 
leakage past the ram, and permits adjustment 


Maximum Hydraulic Power 


Che maximum hydrauli 
supplied to the valve is 


power which must be 


[ P 
P,CaA “¥ . 
p 
6,600 
(Continued on page 7 


P, Oma Z 
6,600 





The closed-loop differential equation relating 
change of output position, AN, to change ot input 
ignal, AM (see Figure 2), 1 


bo» P(AM kem + hab (AM 
kab + A? de kab +A? dt? 


and in the steady state 


(A N)a. Ky (OL) es 
K, Ak, ka ky 


Although k, can be adjusted to meet most require 
ments, k,k,k, can cause system instability? 
values of k,k,k, reduce load sensitivity, but 


ky ke ky A 
Reb + A? 


Large 


K, = 


hould not exceed 0.45w,,. which is given by 
| kab ; 1 
/ Rum 


NOMENCLATURI 


ram area, in.’ 
viscous damping in ram and load, |b sec /in 
valve characteristic partial derivative of flow 
rate with respect to pressure, at operating port 
in.’/Ib sec 
laminar leakage flow coefficient, in.’ Ib se 
capillary diameter, in 
small change from initial steady condition 
acceleration due to gravity, 386 in. ‘se 
valve characteristic (flow sensitivity partial 
derivative of flow with respect to valve position, 
in." / sec 
equals C, +C, 
fluid compliance, in.’ /Ib 
external load force, max 00 Ib 
length of capillary passage, in 
load mass, 500/386 1.36 Ib sex 
supply pressure, 800 psi 
gas constant, 2.47 * 10° in.’/sec* deg F for air 
thickness of capillary passage, in 
volume in one ram chamber (ram centered) plus 
one passage to valve, in.’ 
X or N valve position (stroke from center 
Y or M — ram position, in. 
One natural frequency of uncontrolled servomotor 
servomotor damping ratio 





PNEUMATIC 


lor air, the fluid compliance is 


V; 
2k P,; 
where k ratio of specific heats, 1.4 for air; and 


P, initial value of ram pressure, 539 psi abs. ‘Then 


b | k 174 | (3.25) (1.50) 
A Ym 1.50 Q 201.4) (539) (1.36) 


0.577 


assuming negligible volume in passages connecting 
1 5 
valve to ram. Using the graph of Figure 3, for a 


damping coefhcient, £,, of 0.5, 


k 7 
A Y r. = 0.5, from which 


ks 


ks A 1.50) (4.98 * 10°? 
’ | = l Bt l 


7.45 * 10° in.*/lb see 


As defined, k, C, + C. 


For the ram motion 


less at the center with no load, the valve must be 


centered 


SZ. 4 
C, R17 WwW, 
2¢gP > Pe 
2.47 * 10%) (530) (5.7 K 10°") 
(2 386 540 


1.79 K 10° in Ib sex 


lor a measured quiescent leakage flow of 0.001 


lb /sec, the standby powcl to comp 
isothermally from 15 psia to 51 
WRT, 


: In 815 —In 15 
6,600 g 


(0.001) (2.47 % 10°) (530) (6.71 
(6,600 tM) 
0.206 hp 
Although the allowable power drain is 0.5 hp, ¢ 
falls too far short of ky to make the valve inten 
Beside One 
valves might have twice as much leakage flow as thi 


tionally open-centered production 
ilve measured 

Damping, therefore, is needed, and can be pro 
vided by a capillary passage connecting the two 
ends of the ram. ‘The average velocity in the capil 
lary must be low enough to avoid nonlinear itura 
tion” due to momentum effects*. A good rule is to 
make its 


valve-to-ram passage: 


cross-sectional area equal to that of the 


Matrix t pillars in be 


adjusted to the resistance needed 


Maximum Pneumatic Power 

The maximum pneumatic power which must be 
lated from the 
maximum flow Wa needed for a ram velocity of 
3 in./sec when Pa is 650 psi and load force is 500 Ib 


, PagdA (dy 
We “ite (Sr) = 


Continued on pa 


supplied to the valve may be cal 


(650) (386) (1 .5)(3.0 
(2.47 K 10°) (530 
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HYDRAULIC 


where 
' ( 


The maximum power thu 


VP 
calculated is 0.76 hp 
(compare the high standby power of 0.5 hp), but 
it is well to provide at least 100 per cent extra valve 


capacity (A, mo.) to provide for transient demand 


Response... . 


he servomotor’s natural frequency i 


0 


75 * 10 17.4) + (1.5 
975 * 10 


ul / sere 


80 that 
28 


and 


he value 


for the zero flow zero load condition, and depends 
on the port width w, woich can be chosen for rea 
sonable values of k,, k,, and k The port width 
often affects the simplicity of valve fabrication 

‘The steady-state load sensitivity is 


(-4i 
\/ 


*in./lb 


The response of the output shaft to a step change 
in input signal will overshoot by about 20 per cent 
and the time to first crossover will be! 


PNEUMATIC 


ind the power which would be required to compress 
ir isothermally to 815 psia at this rate would be 


MW RT, . 
hPa In 815 
6,600 g 


It is seldom necessary to compress air at this peak 
rate because of the tremendous storage capacity of 
even relatively small storage tanks 


Response .... 


lhe servomotors natural frequency | 


7.45 K 10°? (17.4) + (1 


\ 248 x 10 


9.2 rad / sec 


0.45 (9.2 1.13 sec 


Ihe value of k, is 


2c 
for the zero flow zero load condition, and depends 
on the port width w, which can be chosen for rea 
onable values of k, k,, and ky. The port width 
often affects the simplicity of valve fabrication 
lhe steady-state load sensitivity is 


4AM 
: 
7.45 
(9.78 
5.08 & Pin. /lb 
I'he response of the output shaft to a step chang 


in input signal will overshoot by about 20 per cent, 
and the time to first crossover will be’ 





128 


‘Thus, the hydraulic system is about 45 times as 
fast as the pneumatic for the same load mass and 


supply pressure 
Increasing Pneumatic Sensitivity 

As calculated, the hydraulic system turns out to 
be about 1,000 times as ‘stiff’, AM/AL, as the 
pneumatic system for a steady load, L. Instead of 
the by-pass capillary, the resistance and tank scheme 
devised by Levinstein® can be used for damping 
‘his so-called “transient flow stabilizer” was tested 
experimentally®, and with its use only the effects of 
C, appear in the load sensitivity equation and the 


pneumatic system stiffness can b« 
factor of 40, 


increased by a 
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THE GIST: Deliberate introduction of nonlinear elements 


into a control system can make the system simpler, smaller, 
and more economical; it can compensate for inherent non- 
linearities; or—and here is the major emphasis of this 
article—it can, by means of the relatively new and ad- 


vanced technique of optimizing or programming an on-off 


system, enable the system to reach zero error in minimum 
time without overshoot following a disturbance. 


NONLINEARITY 
IN CONTROL SYSTEMS 


PART 3—DELIBERATELY NONLINEAR SYSTEMS 


THOMAS M. STOUT 
Schlumberger Instrument Co 


Nonlinearity in control systems often leads to con 
tinuous oscillations, less accurate control, and varia 
tions in the time it takes for the system to return to 
equilibrium following a disturbance 
nonlinearities are 


hus inherent 
considered —undesirabl and 
strenuous efforts are being made to eliminate o1 
minimize their effects 

Most control component uch as motors and 
valves, have some linear working rang¢ \ system 
could be designed for this range and thus avoid the 
pitfalls of nonlinearity, but then components would 
be operating below their full ratings. Stated another 
way, this would mean using oversize motors and 
Ihese increase system size and cost, and so 
the designer tries to get along with nonlinearitic¢ 
and perhaps even use them to advantage 


Nonlinear elements may be deliberately introduced 


valves 


into control systems for three basic reasons 
Pto make the 
and smaller 

> to compensate for inherent nonlinearitic 
> to “optimize 


system 


impler, more economical 


system perform INCE 


Simple On-Off Systems 

The on-off, or two-position, regulator is the most 
common type of 
system \ 


deliberately nonlinear control 


familiar example is the household 
| 


thermostat, which turns a furnace ind off accord 
ing to temperature measured | metallic strip 
ictually o lates around the 
mplhtude that 
depend on system thermal la id dead pac 
between contacts. If it give idequate performance 


Ilere the te mper iture 


desired setting with a penod 


the on-off controller can be an « 
olution to the 


mnical and simple 
contro! problem. Son 
pplication use similar temperat troll 
Other ipplic itions of the Wp 
include control of liquid level 
operated valves fill or empt 


refrigerators, all COMpressol i 


regulation ot peed ind voltage 
trolled by radio signal irc use 
of small airplane and boat 
In general, these applicatio 
by rather mild accuracy reqi 
level ind limitations on 

Difficulty with 


high accuracy must be coml 


omon ! when 
tabilit 

iid when components that ca rain of 
frequent full-on to full-off operat x” found 


Wnpl 


NONLINEAR COMPENSATION 


Deliberate 
linear clement into an alread 


introduction of 


tem can improve oO erall 
example, consider a proce 


linear relations that exist bety 
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Deliberate Inherent 


‘ Cantrotler Nontipeorities 


Measuring device 


pressure or valve position are a common source of 
difficulty. One solution is to select that relation 
between valve area and stem position which mini 
mizes variations of loop gain with changing condi- 
tions. Alternatively, however, a nonlinear relation 
can be deliberately introduced; i.c., stem position 
can be made a nonlinear function of the actuating 
signal. ‘This linearizes the overall system. Butterfly 
valves that control gas flow use linkages for this 
purpose, 


The general procedure for introduction of deliber 
ate nonlinearity to linearize a control system is 
shown in Figure 1. Here, if the system contains an 
inherent nonlinearity, z = g(y) in the forward path, 
it may be possible to introduce a deliberate non 
linearity, y = f(x), so that z=Kx. To find the 
function y it is only necessary to label the z-axis of the 
zy plot with corresponding values of x, x z/K, 
and turn the plot 90 deg to view y as f (x). 


Figure 2 shows a similar but more interesting 
situation, Here the inherent nonlinearity appears 
in the feedback path. This closed-loop arrangement 
is typical of a computer servomechanism that 


develops c==arcsin r. ‘The resolver generates a 
voltage proportional to the sine of the servo’s output 
angle. ‘Thus the resolver’s sinusoidal nonlinearity 
is inherent, since it is essential to system operation. 

Because the motor rotates until the error e is zero, 
the steady-state condition is 


r= b = sine 


as desired. However, without the deliberate non 
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FIG. 1. 
tem contains an inherent non- 
linearity in the forward path. 
This arrangement can be 
linearized by inserting a de 
liberate nonlinearity, y 
f(x), in the forward path so 
that z Kx. 


Ihis closed-loop sys 


FIG. 2. In this case the in 
herent nonlinearity, due to 
essential use of the resolver, 
appears in the feedback path. 
Here, the system gain de- 
pends on the operating point 
or position of the output c. 
However, a deliberate non- 
linearity, again in the forward 
path, corrects the system gain 
as a nonlinear function of 
output position. 


linearity the incremental loop gain is proportional to 


db 
de 


and therefore gain varies with changes 
ing point. Without insertion of the deliberate non 
linearity the system would be sluggish and inaccurate 
when ¢ approached 90 deg, even though it might be 
satisfactory near zero deg. But an appropriate non 
linearity introduced in the forward path of the 
feedback loop makes the gain independent of the 
operating point. This can be obtained by making 
the forward gain 


inn the operat 


dy _ ] 

de cosc’ 
\ gain control driven by the output shaft provides 
the required nonlinearity when its gain is inversely 
proportional to the cosine of the output position 


OPTIMIZING WITH NONLINEARITIES 


Introduction of nonlinear clements also can 
improve control system performance without making 
the overall behavior linear. Batch processes use 
proportional plus reset controllers to obtain very 
accurate temperature regulation. Following large 
disturbances, such as those that occur on frequent 
start-up, the reset action produces a large overshoot. 
Since this overshoot is objectionable, it becomes 
desirable to switch out reset action whenever the error 
is very large. This is often done manually during 
start-up, but it can be automatic. 

A similar problem occurs with positioning servos 





NONLINEAR DAMPING IMPROVES RESPONSE 


\ 


LINEAR SYSTEM NONLINEAR SYSTEM 








K 




















Amplifier Amplifier 





Tachometer 























K=J31,@,=1 
f = 4,0=2 for \ei<i 


f = 0,0 =0 for \e|>1 











pa 
i 








| 
a YH YE 
























































APRIL 1956 79 





that use integral compensation. A circuit for limiting 
the action of an integrating network uses biased 
diodes across an integrating capacitor. Any integrated 
voltage exceeding the bias voltage is suppressed by 
conduction of the diode. A circuit of this type was 
illustrated in Part I of this series (Vol. 3, No. 2) 

\n ingenious scheme for reducing the “hiss” or 
scratch” in hi-fi sound systems is based on the 
notion that these effects are most annoying when 
the general volume level is low. Since these effects 
appear at the high-frequency end of the sound 
spectrum they can be minimized by reducing the 
amplifier’s bandwidth at low input signals 

lor somewhat similar reasons it may be desirable 
to make a control system sluggish for small disturb 
ances or noise, and yet not spoil its ability to respond 
rapidly to large disturbances. ‘This can be done by 
varying the system gain, damping, or bandwidth as 
a function of error magnitude. Relays to change 
resistance values in gain-controlling or phase-correct 
ing networks, or nonlinear resistors, are used 
+ shows 


igure 
an erroractuated relay that changes the 
damping factor. Compare it with Figure 3. Both 
figures appear on the preceding page 
Figure 3A shows a basic second-order positioning 
In this linear servo the tachometer develops 
the electrical equivalent of viscous friction and 
introduces damping at all times proportional to the 
load’s velocity The friction coefhcient f is unity 
However, in a nonlinear second-order system like 
the one in Figure 4A, a relay is included. Whenever 
the error signal a predetermined value 
(unity) the relay operates to disconnect the output 
of the tachometer 


servo 


exceeds 


‘Thus for small errors the system 
operates as a linear system with tachometer damp 
ing. In this case the friction coefhicient equals 4, 
which means that the system is sluggish compared 
to the system in Figure 3A, where f equals | 

But for large errors the relay in Figure 4A opens 
the tachometer circuit and the friction coefficient 
drops to zero, ‘Thus for large disturbances the non 
linear system has no added damping. ‘The load 
responds rapidly and reduces the error until the 
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= roe 


This relay servomechanism programs, or optimizes, 
system response to disturbances provided that the coutroller 
id associated function generator are suitable for the given 





FIG, 5. 


In this way the system returns to zero error 
in minimum time without overshoot. Controller and func 
tion generator design are discussed in that part of the text 
dealing with various load conditions for this system. 


load conditions 
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relay reconnects the tachometer. Then the system 
again becomes sluggish and returns to equilibrium 
at a slower rate 

he phase-plane plots of Figures 3B and 4B rep 
resent the behavior of the system 
is constructed by 
given time t, versus the error’s time derivative e’ 
Selection of a sufficient number of e-e’ points along 
the et and e’-t curves results in a complete phase 
plane representation of the system 


A phase-plane 


imply plotting the error e, at a 


I'rajyectories for 
the linear system are similar spirals, their size depend 
ing on the magnitude of the step-change disturbance 
The trajectories for the nonlinear system consist of 
circular arcs, followed by nearly straight lines when 
the error reaches unity and the relay introduces the 
high damping from the tachometer 

Figures 3C and 4C show the two systems’ transient 
response curves due to step-change disturbances. The 
linear system's curves are damped sinusoids whos« 
ratio of overshoot to disturbance is independent of 
However, the transient 
responses of the nonlinear system are quite different 
Small initial errors are reduced slowly with no over 
shoot, while large initial errors reduc 


the step-change magnitude 


rapidly, over 
shoot, and then gradually decay to zero 


PROGRAMMED CONTROL SYSTEMS 


Specially-designed relay servomechanisms reduce 
the error to zero without overshoot, in the minimum 
possible time consistent with inevitable saturations 
in the system, and regardless of the initial error 


magnitude. Such systems are known as “optimum 


or “programmed” nonlinear servomechanisms. ‘They 
subject of much theoretical and 


investigation. ‘The 


have been the 
laboratory following discussion 
ties the theory of programmed nonlinear servos to 
some typical systems operations 

Ihe essentially second-order system shown in 
ligure 5 will be used for illustration. Here either of 
two voltages, plus V or minus V, rotates the motor 
and drives the load into correspondence with the 
input signal, r. ‘The controller programs relay opera 
tion so that the error is reduced to zero in a mini 


mum time without overshoot 


Second-Order Systems 


and $3 
show system operation with various types of loads 


Figures 6 through 9 spread on pages 52 


Ihe A sections of these figures show typical error 
responses to step-change disturbances for the various 
loads, the error’s time rate of change (first deriva 
tive), and the time duration and direction of the 
motor torque required to bring the error to zero in 
ininimum time without overshoot 

In the B sections a family of phase-plane repre 
| AC h 
curve results from a particular magnitude of initial 
step-change disturbance. ‘The 


sentations for system operation 1s plotted 


phase planes carry 
a unique curve, AOB, representing conditions of ¢ 





FIG. 10. Two curves pass 
through every point in the 
phase plane. But only one 
curve leads to the torque re- 
versal, or switching, curve 
AOB, which is the shortest 
path to the origin (zero er 
ror). The function generator 
and controller select the ap 
propriate sign of voltage, de 
pending on unique values of 
error and its derivative. When 
the system reaches another 
set of values along the AOB 
curve the controller reverses 
the direction of applied 
torque and brings the system 
to zero along the AOB curve. 
For instance, an error start 
ing at C needs a positive volt 
age; the system follows C4D, 
and at D the torque reverses. 


and e’ at which the torque should be reversed to 
reach zero error in minimum time without overshoot 
Thus this torque reversal curve is known as_ the 
optimum switching curve 
be built into the controller to sense the occurrence 
of the unique switching values of ¢ and e’ 

Ihe C sections show that for some load con 
ditions the response time 15 
magnitude, and in other cases the time i: 


Logical functions must 


proportional to step 
change 
proportional to the square root of input magnitude 


Viscous Friction Only 


If the torque 
to the applied voltage V 


T is instantaneously proportional 
that is, the motor’s cle 
trical time constant equals zero) and if the load 
consists of viscous friction but no inertia (Figure 
6), then the controller of Figure 5 need be merel 
an amplifier. The load rotates at constant speed 
whenever closed relay contacts (due to an error 
And the motor 
stops immediately at zero error and consequent 


signal) apply voltage to the motor 


removal of voltage. No torque reversal is needed 


Inertia Only 


lhe system of Figure 7 needs a more complicated 
Suppose the torque reverses the instant 


and that the load contain 


controller 
that the voltage reverses 
inertia but no friction. Since the motor 
either plus V or minus \ 
for the output shaft are 


voltage 1 


the equations of motion 


i. for plus \ 
KI 7 
J J 


for minus } 


Here the primes denote time derivatives and T,, de 


notes maximum torque ipphied te he output haft 
Since the error is defined a 


then j 


and 


incl the 


for step or ramp mput “i 


equations of motion can be writt 


lhe solutions of these equati 


by direct integration, giving 


/ 


/ 
2J 


vith the wns chosen to fit 
we climinate t and plot ec’ as a function of e in a 
phase plane the result, a howl Figure 10, 1 
two sets of parabola one for phi olid lines 
ind one for minus V (dashed hh \rrows along 
these curve how the behavior ystem a 
f mcrcase 

lwo curve pa through ever inn the phase 
plane. One of the curves heads av from the ongin 
ind if system behavior followed t] ine it would 
Lhe othe: intersects the 
optimum witching curve AOB at me point and 
it thi point the tem follows AOB to the origin 
Ihis is the shortest path Supp ce the svstem }] 


initially at point ¢ 1 hie 


never rCat h ZCTO CTTO! 


hortest path consists of the 
olid line C4D and the dashed 1) 

lhe controller iob to cxan ec and e’, choose 
the sign for V associated with a headed for the 
origin, Close the appropriate rela d apply torque 
in the proper direction. ‘Thus the controller should 
pick plu V above and to the right of curve AOB, 
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PROGRAMMED SERVO OPERATION 










































































Response time is proportional to square root of step-change magnitude 
Response time is proportional to square root of step magnitude, but greater Wo steady-state error for ramp inputs if error rate signal is used in the 
than for system with inertia only. controller; but if output rate is used, the steady-state error (to maintain 
zere torque) is proportional to square root of input rate 
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INERTIA 8 VISCOUS FRICTION INERTIA & COULOMB FRICTION 





















































For small magnitude step-changes the response time is proportional to 
the square root of the magnitude; for large step-changes the response 
time is directly proportional to the magnitude. Switching curve for ramp 
inputs should change with input rate. Steady-state error for ramps is the 
same as for system with viscous friction only 


Response time is proportional to square root of step magnitude, but greater 
than for system with inertia only 
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FIG. 11. This controller represents 
one way to mechanize Equation 
11A and obtain the required torque 
reversal program for the system of 
Figure 7. Here the error is com 
pared with the nonlinear function 
of the error’s time derivative. When 
e is greater than e’ the relay should 
apply plus V to the motor, and 
when it is negative the applied volt 
ize should be minus 


-————— 











Torque 
source 


The controller for a third-order servo requires a two-variable function gen 


erator, Here, the sign of the applied motor voltage depends on whether the com 


puted torque ‘I’. is greater or smaller than the torque 'T, 


instead of e” and thus avoids two differentations of the error 


ind minus V below and to the left. The resulting 
behavior for this system with inertia only is sum 
marized in Figure 7B. It assume 


within the controller 


correct action 


The equation for the switching curve AOB i 


(11 


J 
27 


the controller should select plus V when y 1 
positive, and minus V when y is negative Lhe 
controller in Figure 5 then mechanizes Equation 11A 
and can be constructed along the lines suggested 1 
higure 11 
parabolic 


Lhe function generator must produce a 
nonlinear) relationship because of th 
product of e’ and the absolute magnitude of ¢’ 


Inertia and Friction 


These general principles apply if the load has 
inertia. Friction torque reduces 
the torque available for acceleration of the output 
shaft, but helps during deceleration. Reversal of 
V must occur later than in the system with inertia 


only, and this re quires that the switching curve move 


friction as well as 


closer to the vertical axis of the phase plane. ‘The 
same sort of controller as shown in Figure 11 can be 
used to set up the optimum switching conditions 
required by 
AOB curve now generated by the function generator 


a different switching program. ‘The 


must, of course, be different also. System behavior 
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This controller uses ‘I J 


with viscous friction and inertia, and coulomb f: 


tion and inertia, are shown in Figures § an 


Third-Order Systems 


Suppo 


the torque developed by the moto 
bigure is not instantaneously proportional to 
voltage Now the lifterent 


equations of motion ar third-order and program 


applied system 


operation requires a mor omplicate | controller 
Consider the system of Figure 12A. Her 


error acceleration e” 


iries linearly between two limit [his might 


1S proportional to a torqu 


resent the developed torque of a boat on urpl 
rudder driven between two stops by 1 constant 
motor. However, the error acceleration of Figu 
12B varies exponentially with time, the result 

instance, of field inductance in a dc motor 


I‘hird-order system trajectories can be plotted in 


three-dimensional space having, for example, e, ¢ 
and e” as coordinate Che switching curve of the 
simpler second-order system now becomes a switch 
ing surtace 


of Figure 12A and B 


indicate that V must be reversed twice for optimum 


lhe vertical dashed line 


tem operation that is, the error must be brought 
to zero in minimum time with zero overshoot 
Switching opcration occur at unique ombina 


By analogy with | quation 10 


urface can be expr sed bi 


tions of ec, e’, and ec” 
the switching 





A SYSTEM’S PLOT.... 
. . . » AND ITS PHASE SPACE DIAGRAM 








| igure 13 shows a way, basce | quation \4 
of constructing the controller Lhe function genera 
tor’s output is called a computed torque, | Iho 
is compared with the actual torque T, and any 
difference between ‘IT’ and T, actuates the relay im 
the correct direction to apply either plu V or minu 
\ This controller uses ¢ Jc” instead of e”, and 
thereby avoids two difterentiations of the error. ‘Whi 
arrangement introduces no difficulties with step o1 
ramp inputs if the load contains inertia onl 

Contour lines of the system of ligure IZA ar 
plotted in Figure 14. Suppose the mutial error start 
at point A with T equals zero here will be a 
preliminary trajectory AB along which the torque 
imcreases as fast as pos: ible At torque rea hie 
its maximum value and T equal The trajector 
continuc along the | e” lane to 1), an 
it this point the relay reverses a 
At I the torque reaches its maxu gy alin 
and immediately starts back to z 

In practice, mputs other tha . 
pected. Calculation of the tem response to other 


inputs such as sinusoidal or random disturbances | 








difficult Analog computers with appropnate non 





linear function generators have therefore been used 
In order to apph the theor orously to a 


FIG. 12. When a finite time is required to develop maxi ond-order ervomechanism, 0 inable function 
mum torque the system of Figure 5 becomes third-order gencrator which are readil ivailable 
Now the system needs two reversals of voltage to reach ary In 
zero error in minimum time with zero overshoot. Voltage 
reversals occur at the unique combinations of c, e and e” Multi-variable function 2 ' a 
as indicated by the vertical dashed lines. The controller : 

selects plus or minus V depending on the combinations of mon than single variable, and tl fact has mnpe ded 
the three variables, and programs the system to zero error ngorous investigation of re; iT 
under optimum conditions. In Figure 12A error accelera 
tion is proportional to a linear torque, as from a rudder pons 
driven by a constant speed motor. In Figure 12B the error ey. lified . sail 
acceleration varies exponentially, as from the effect of the uSINg simpinea equipmen OSE PCHOIMAaNnce ap 
motor’s electrical time constant proximates the ideal 


it¢ rece 
higher-order vstcem 


hion generators are necessar 


theor 
does serve. however. a: for design of pra 


tical systems with ver ly optimum re 
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Visualizing 
Resolver Circuits 


Computing problems involving resolution 
into components, conversion from rectangu- 
lar to polar coordinates, or transformation 
of coordinates, are often solved with resolver 
systems. If the equations solved by these 
systems are complex, it's possible to get lost 
in a mass of trigonometric relationships be- 
fore finally emerging with the computer. An 
easier approach is to sketch a vector dia- 
gram of the problem, and to directly design 
the resolver computer by inspecting this dia- 
gram. The trigonometric equations and the 
space-geometry figure are equivalent, but 
the diagram makes it easier to visualize the 
transformation problems. Learn the tech- 
nique by following the examples herein. 


A-@ 


Rotor wind ngs 


A sia 6+ B8cos 0 


\ 
\ | 
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Typical plane and spherical trigonometry problem 
are encountered in navigation, gunfire control, mis 
sile guidance, bombing, and machine-tool contour 
ing. These problems can be solved with electro 
mechanical analog computers using resolver net 
works. For example, the trigonometric problem: 
solved electronically in Tracing a Contouring Sys- 
tem From Idea to Application, page 65, can also be 
solved electromechanically with resolvers. In care 
fully designed systems, accuracies are within 0.1 per 
cent in magnitude and 0.25 deg in angle, with mini 
mum about | min. 

\ resolver consists basically of two rotor coil 


angular errors of 
with 
mutually perpendicular electromagnetic fields, and 


FIG. 1. A. Schematic of 
resolver winding configura 
tion. B. Symbolic represen- 
tation of a resolver 


r windings 


Mector sum of emt s 
| 





FIG. 2. Rotating coordinates 
with a resolver. 








FIG. 3. Transforming from polar to 
rectangular coordinates with a resolver. 


two stator coils with mutually perpendicular electro 
magnetic fields. ‘The rotor coils can be positioned 
at any angle to the stator coils, Figure 1A. A resolver 
can be represented symbolically by the diagram of 
Figure 1B. The voltage transformation ratio between 
a rotor and stator winding when they are parallel is 
held to a stated, close tolerance by the manufactures 
It is often unity. When the rotor and stator wind 
ings are not parallel, then the voltage transformation 
ratio is proportional to the cosine of the angle be 
tween the rotor and stator. In Figure 1A, if R-1,R-3 
is at an angle 6 to S-1,S-3, then 1 volt across R-1,R-3 
gives K cos @ volts across S-1,S-3. In this discussion 
the transformation ratio, K, is assumed unity 


BASIC RELATIONSHIPS 


If A volts are impressed across R-1,R-3, and B volt 
are impressed across R-2,R4, and R-1,R-3 is at angle 
@ with S!,S3, these stator voltages are generated 

across S-1,S-3 A cos 6 B sin 6 

across S-2,S-4 A sin 6 B cos 6 
These equations are derived by considering thi 
effects of voltages A and B acting through the angle 6 
In Figure 2, a vector diagram of these voltages, the 
angles are the space relationships between magnet 
fields and the line lengths are voltage magnitude 

But it is possible to achieve the same results with 
out considering these formulas by simply stating 
that voltages A and B are transformed to voltages 
C and D through the angle 6. ‘This transformation 
is easily understood when it is realized that A and B 
combine to form the magnetic vector R, which in 
turn induces voltages C and D in windings S-1,S-3 
and S-2,S-4. A visual inspection of this simple vector 
diagram is all that is required to convey a complete 
idea of what takes place in this transformation. 

To transform a vector in the polar form R, ¢ to 
its rectangular coordinates, it is only necessary to 


FIG. 4. Transforming from rectangular 
to polar coordinates with a resolver 


impress RK on one of the resolver windings (say 
R-1,R-3) and move the rotor until R-1,R-3 forms the 
angle # with S-1,S-3 This is shown in Figure 3 
Vhe other rotor winding is not used. ‘The terms R 
cos @ and R sin # are 
ments of the completed parallelogram of vectors 


imply mathematical state 


l'o transform from rectangular to polar coord 
nates, it is necessary to drive the resolver rotor with 
If the voltages X and Y in Figure 


3 are impressed on the stator windings of a resolver, 


a servomechanism 


and the rotor is po itioned so that one of it winding 
makes an angle » with X 
parallel to the resultant magnet 
induced in it the voltage R 
it right angles to the resultant magnetic field, has no 


then this winding 1: 
vector and ha 
Lhe other rotor winding, 


voltage induced in it. If the angle differs from @# 
by an angle A @, then the voltage in one winding is 
still close to R, and in the other winding is R A @ 
it A p equals 0 
lhe servo aligns the rotor so that one of it windings 


he phase of the null voltage revers« 


is parallel to the r ultant magnetic vector 
\ typical circuit for rectangular-to-polar transfor 


mation is shown in Figure 4. ‘The error signal is 


amplified and the motor drives the rotor in the proper 
direction to minimize R A #. Iven though there 
ire two voltage-null positions of the rotor (180 deg 
ipart), only one of these is a stable null 

By combining these three function 

P rotating rectangular coordinate 

P transforming from polar to rectangular coordi 
nates (resolving into component 

> transforming from rectangular to polar coordi 
nates (finding resultant) with addition and subtrac 
tion, if 1S pos ible to solve most plane and pherical 
And by becoming familiar 
with the resolver connections that will yield these 


functions, it is po ible to design a resolver network 


trigonometry problem 


by following a step-by-step procedure through a vec 
tor diagram of the problem without ever referring to 
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or using the specific trigonometric relationships. Of 
course, while this procedure yields the answer to the 
trigonometric problem, it does not solve the electrical 
difficulties associated with cascading resolvers. ‘The 
problems of loading and noise must be handled after 
the basic circuit configuration is selected 

The solution of two-dimensional problems by this 
technique, as shown in the first of the following 
examples, is simple and needs no further comment 
But three-dimensional vector diagrams are more com 
plex, ‘Three-dimensional problems are solved by ro 
tating two or three mutually perpendicular vectors 
representing a space vector into two or three different 
mutually perpendicular vectors representing the same 
space vector. It is necessary to carefully sketch an 


oblique or isometric view of the three-dimensional 
hgure 


scale model of the problem, using wir 


If the problem is particularly complex, a 
ind ply 
wood, often helps in visualizing these space vectors 

In the following three-dimensional problems, vec 
tor lengths are often not shown on the diagram 
Ihese vectors all originate at the center of the 
spherical coordinate system. In all the examples 
an original range vector is expressed in its rec tangular 
coordinates. ‘Then, after a number of transforma 
tions, the end result is the original range vector (with 
the required information obtained in the process 
This is often used in checking the system. Som« 
study must be given to the three-dimensional figures 
before they become completely familiar 


HOW TO USE THIS TECHNIQUE 


EXAMPLE 1 


PROBLEM—In_ the AN \PO-T2A_ Ultrasonic 
Bomber/ Navigator ‘Training Equipment used by the 
Air Force, there is a plane map, Figure 5A, on which 
the longitude meridians are straight lines radiating 
from some point that may or may not be on the map 
\ pomt P is defined by x and y coordinates from 
Q, the map center. This indicates a mixed arrange 
ment of rectangular and polar coordinates. Know 
ing the map distance from O to N, the north pole, 
and the angle @ between ON and the Y axis, find 


the true bearing of the Y axis at P (i.e., the angle a) 


Fig. 5A 


Mop 
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SOLUTION—Using a resolver circuit, rotate ve 
tors x and y through angle 8 to form vectors OQ and 
PO. ‘To help explain this first example, this coordi 
nate rotation is shown in detail in Figure 5B. Sub 
tract OO from ON, giving ON. Using the new values 
PO and QN, transform from rectangular to polar 
coordinates to obtain NP and the angle 
Vigure 5C 


a plus B 
Subtract 8 from a plus B to give a, the 
desired angle. The resolver-instrumented system is 
shown in Figure 5D. The mechanical additions and 
subtractions can be performed with mechanical dif 
ferentials, and the electrical additions by series-volt 
ie addition or resistor addition 


Fig. 5C 











+ @ =frue bearing of Y axis at P 


FIG. 5. A. The trigonometry of a two-dimensional plane map 
problem. B. One step in the solution: rotation of coordinates. 
C. ‘Transforming rectangular coordinate vectors into a polar 
vector and an angle. D. The resolver computer. 





EXAMPLE 2 
PROBLEM—h 


( 


ial to the 
oordinate betwee! 
bomber are gi thie 
Y-heading of the fis See Figure 6A for 
definition | | the azimuth and clevation 
with rr pect to thi hglhter rdinate ax 
which the fighter radar th pomtin 
bomber Whe thre 
ynthesized radar f 

SOLU TION—Us«¢ 


the 








pact coordinate 
from fighter to bomber 
vecto l hese latter ar 

is are X, Y, and Z) but form th 
of the fighter. 1 
corrected for thi 
hghter to form the fighter 
th radar antenna 
fighter, thi l 1 nec 
required intenna azimuth a 
measured in the plane 

and 3, respectivels 


taken are as follow 


1. Rotate coordin 
the fighter hea 


t and 6 tillin X} plan 


Hin iit! 


b Rotate oordinate of 
pit iT bLif7 ig {3 tO ! 
Rotate coordinate 
roll angle y to fe 


lransform the 


| and Z to the 


Thi iV < thi 
l'ransform the 


t i three 


and 7 to the 
dimensional oblen in-to unnery 
tram ih Vz I vd ¢ 1 of radar 
mtenna related f ‘ ‘ ystem 
is instrumented 2) wire ) ( th alwe 


ind bomber l 


intenna elevation 
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3 perpendicular to 2,4 and § 


6 perpendicular to 5 and 7 














FIG, 7. A. 
navigational 


EXAMPLE 3 
PROBLEM 


an aircraft's position and that of its destination 
what is the true bearing of its desired ground track 
to fly a great circle to its destination? What is the 
distance to its destination? 


SOLUTION — Use 


lrigonometry of three-dimensional 
problem. B. Resolver computer. 


Given the latitude and longitude of 


a resolver system to effect the 


EXAMPLE 4 
PROBLEM 


puter, a new set of transformed latitudes and longi 
tudes must be derived. ‘The earth latitude and 
longitude of any point P are given. A great circle, 
called the ° intersects the earth equa 
tor at longitude a, and at a slant angle 8. Find the 
“map latitude” and “map longitude” of point P, 
where the “map zero degree meridian” passes through 


In a special purpose analog com 


map equator’, 


the intersection of the “map equator” and the earth 
equator. ‘Terms are shown in Figure 8A. 
SOLU'TION—Referring to Figure 8B, the latitude 
and longitude of point P is completely defined by 
vector | whether “map” or earth latitudes and longi 
tudes are used. Using earth coordinates, vectors 
2 and 3 can be found. ‘These also completely define 
P. ‘Then by using the given angles, three new mu 
tually perpendicular vectors, 4, 6, and 7, can be 
found. By a rectangular to polar conversion of vec 
tors 4 and 7, vector 8 and angle Ly can be dete 
mined, where Ly is the “map longitude”. Finally, 
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required transformations in solving for the angle 6 
bearing of desired ground track), and the angle D 


In Figure 7A, A is thi 
The plane 


(distance to destination 
aircraft and B is its destination hown 
shaded is perpendicular to vector 6 (vector from 
origin through A), and L, and Ly are the latitudes 
of A and B, and C the longitude difference 
The steps to be taken are as follows: 
1. Transform polar vector | and angle L, to re 
tangular coordinate vectors 2 and 3 
b. Transform polar vector 2 and angle C to re 
Notice 


that this means 5 is perpendicular to 3 and to 6 


tangular coordinate vectors 4 and 5 


(5 lies in perpendicular plane) 

Rotate coordinates of vectors 3 and 4 through 
angle L, to form vectors 6 and 7. ‘Then 7 fall 
in perpendicular plane. Notice that the plan 


formed by the vectors 4, 6, 3, and 7 and the 


plane formed by the vectors | and 6 intersect 
at the angle 6. ‘This leads to the next step. 
lo find the projection of vectors | and 6 on th 
perpendicular plane, transform the rectangular 
coordinate vectors 7 and 5 into the polar vector 
§ and the angle 6 
desired ground track 
c. Finally transform the 


This is the bearing of the 


rectangular coordinate 
ectors 8 and 6 into polar vector | (the original 
vector) and the angle D. ‘This angle represent 
the distance to the destination 
Note that the vector | is finally resolved into thre« 
mutually perpendicular vectors, one of which is 6 
‘he others are 7 and 5 


this is shown in Figure 7B 


[he computer to accomplish 


by another rectangular to polar conversion of 8 and 6 
the “map latitude” or Ay is determined. 

The steps to be taken are as follows: 

a. Transform polar vector 1 and angle A, to re 


Where 


tangular coordinate vectors 2 and 3. 
Ar is the earth latitude of point P. 

I 7) to 
rectangular coordinate vectors 4 and 5. Where 
Ly is the earth longitude of point P. 


‘Transform polar vector 2 and angle (a 


Rotate coordinates of vectors 3 and 5 through 


angle B to form vectors 6 and 7. 


. Transform rectangular coordinate vectors 4 and 


to polar coordinate vector 8 and angle Ly. 
Where Ly is the desired “map longitude”. 
l'ransform rectangular coordinate vectors 6 and 
8 to polar coordinate vector 1 (the original 
vector) and angle Ay. Where Ay is the desired 
“map latitude”. 
This can be instrumented as shown in Figure 8C. 





Earth equotor 


Earth O deg 
meridian 


hiG. 8 <A. The basic problem 
transforming to a new set of latitudes 
and longitudes. B. The step-by-step 
trigonometric transformation. ( 

The resolver computer. 


PROBLEMS OF CASCADED RESOLVER SYSTEMS 


\s mentioned previously, the computers sho how a similar imcrease 
here are simplified in that they include only tho ome noise frequencit 

devices necessary to perform the trigonometric tran ites this problem, and 

formation Actually, most resolver windings hav ensure that a large amou 

low impedances, and it is necessary to isolate or the “null” position of the 

resolver winding from another by means of a buff In the case of 1 ngu mation 


amplifier that has a high input impedance and a lov null sensitivit dered 


output impedance Serious loading error Ippear lor ex imple in | 


unless this is done Buffer amplifiers must have error in volts for a 

accurately controlled gain and carrier phase-shift lirectly proportional 1, When thi 

characteristics and must not require frequent adjust ector length decrease ity de 

ment. ‘These amplifiers are available commerciall reases and the @ solution Phere 
Phase shift of the carrier voltages can cause seriou three approaches to tl 

problems, especially in rectangular to polar tran ( lecrease in ipproach 

formation If the two voltages feeding a resolve n | l, ’ j ector 

used for this type of transformation are not in phas does not change « , | | accuracs 

: quadrature component is generated. ‘This prevent f the @ solution ia is the 

the “null” winding of the resolver from actuall slue of the range v c. a of the 

having 1 complete null position Si tem phase hift 4 servo. so that autor htained 

must be carefully adjusted to minimize this problem hi pe of AG( equipment 
Since buffer amplifier ire used to compe partially descril er Satisfact yertormance 

phase shifts (and individual winding transformation over a rams to Ma | has been 

ratios), the phase-frequency characteristic of thes naintamed. The om 

ymplifiers is not constant This often results in puting circuit, the 

higher vain for the POs frequen i¢ than 0 ( rv ro! Thu 

60 or 400 cps Carrict Also, the resolver it 
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Not Just “On Order”... 
UNIVAC Savings Are Being Delivered! 


The Remington Rand Univac*—first 
“giant brain” on the market —has been 
delivering unprecedented electronic sav- 
ings to its users for the past five years. 
The economies of Univac data-process- 
ing and the accuracy of its exclusive self. 
checking features have been proven at 
installation after installation. 

There are more Univac Systems in 
actual customer use than the fotal of all 
other large-scale electronic computers com 
bined, And, production has been geared 


to meet this ever-increasing demand, so 
that today we can deliver the Univac 
System whenever the customer is ready 
for it. 

With every Univac delivered goes 10 
years experience in electronic comput- 
ing 5 years experience in the com 
mercial type of data-processing. This 
wealth of background in programming 
and operation is unobtainable else- 
where. It has been gathered through 
solving actual customer problems — on 





Univac—not theoretical solutions with 
non-existent computers. It is your assur 
ance that, when you install the Univac, 
you'll get under way faster, surer, and 
more economically because the System 
has already handled similar work 

In today’s competitive market, the 
company which cuts its overhead first 
comes out on top. So don’t wait until 
1957 1958 or 1959 to cash in o1 
the tremendous savings available to you 


now with the Univac System 


Memington. Mland Univac. 


DIVISION OF SPERRY RAND CORPORATION 


Makers of: Univac! + Univac |! + Univac Scientific + Univoc File-Computer + Univac 120 + Univac 60 + Univac High-Speed Printer 
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BASIC DIGITAL SERIES 


How Computers Do Arithmetic 


JOHN BLANKENBAKER 
Hughes Aircraft Co. 


In a digital computer, the arithm: 
tic unit does the ordinary arithmeti 
Ihe control unit 


orders operation 


and supplics timing and sequence 
signals to the arithmetic unit. Thes 
signals synchronize the arithmeti 
unit with other units and control it 
internal sequence of operations. ‘The 
computer's memory supplies the oper 
ands and receives the 
sults 

The form of an arithmetic unit de 
pends largely on the major system 
decisions, such as whether to use serial 
or parallel operation, or 


computed re 


binary or 
decimal number representation. ‘Th 
design varies also with the 
clements and 


phy i¢ al 


circuits used in the 
mechanization 

In all cases, the step 
solution must be reduced to opera 
tions that the physical circuit element 
can perform 


to proble m 


For example, multiplica 
tion may be resolved into 
ind shifts. But the 
itself must then b« 


how physical 


iddition 
iddition problem 
inalyzed to find 
with 
gencrat ' ulm 
shall show how the arith 
functions may be resolved into 
tep decisions that logic cir 
cuits can perform 


circuit logical 
characteristics may 
This articl 
met 


tep-bi 


Ihe computer may add the digit 
of two numbers all at once, as in a 


“parallel’’ machine, o1 equentially, a 


iia crit machine Ihe 


( ompute 


may operate entirely in the bina 


number system, or it may use a Dina 


coded decimal tem Thu it 3 


Previous articles in this series discussed the logical problems 
that commonly arise in computer design as well as circuits that 
can solve them. Mr. Blankenbaker shows how the familiar problems 
of addition and subtraction, multiplication and division are re- 


duced to sequences of logical problems. Thus, computer units that 


can do arithmetic become practical. 


urprising that many of the logical 
implifications of the 
functions 


mathematical 
common from 
arithmetic unit to arithmetic unit 

Ihe phy ical element 
truct arithmetic unit 


ipply in 


used to con 
ire the gate 
hort-time torage cl 
particularly the flip-flop 
two latest articles in 
logical model of the 
element 1 1 box that r pre 
input 


ind “‘one-bit 
ments 
described in the 
this series Ihe 
torage 
sent 1 “delay ind has on 
ind two output One output equal 
the input during the preceding tiny 


interval yvochro 


between computer 
nizing pulse The second output 
the binary complement of the first 
Logically, a gate has no time dela 
An AND gate has a bina 1’ output 
only if all its inputs are | An OR 
gate has a | output if any input 
rom a given set of states of thi 
flip-flop signal the machine must ad 
vance to another set of state vhich 
tep in the solution, ‘The 
choice of flip-flop: to use, the wa 
their states will be 
equenced, and th 


represents a 


repre ented and 
determination of 
onstitute 


incipal task in designing an 


the gating network 


met unit 
In Ome Cas 
tore the I 


i pet ini 


flip-flops are { 
phi ically and logi 
purpose. In such « 
often called 
ter Ihe significance i 
plied that counters have a pre 


ountes 

usually mm 
deter 
ind that 
register tore some number that must 
bn repre ented Ihe register could b 
one of the ind the 
number it store ould be in operan 
Stormeg an 


KPCTISIVE In 


mined action equence 


irithmetic register 


perand n flip-fl p 


enal ten whicl 


ination tt 
displa 


ter i 


ulating 
rhative In 
i circulatin é ¥ bit in 
held at one ip-fop wd the 
rest are stor form of delay 
line cheap Wn 1 hi 
name circula the fact 
that th Hor will circulate 
through th ops and the 
Titi ll qtlenics 

the tat of an 


; 


nN 1 tonne 


Cquenc ! Worn m stored in 


the re 


REGISTERS 
The 1 t 


feature of | unit Lhere are 
operand 
partial mupleted result 
With th 
md divi i ) dome 

f t in Lhe 
multiplica ultiphies mad “ac 
umulate used for the 
yister 5 it rmed in the 


tithithia 


usuall thi 


aD tiple ition 
without 


ferrin t rain 


nil that 
nt ae jx nad 


nt (or binas 


ADDITION AND SUBTRACTION 
In 
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represent fraction numbers, any ten 
digit number in the : 

(] 1O™) to +(1 10°”) may be 
represented Graphically it could be 
represented as 


range from 





where the vector represents the par 
ticular contents of the register. 

A positive number is represented by 
a vector from the origin to the right, 
a negative number to the left. Adding 
two vectors is equal to numerical addi 
tion, subtracting two vectors is equal 
The rul 
governing the adding or subtracting of 
a second number from a number in 
the register may be expressed thus: if 
the second number is positive and ad 
dition is desired or if it is negative and 
subtraction is desired, then the second 
number is added 


to the subtraction process 


If the second num- 
ber is negative and addition is desired 
or if it is positive and subtraction is 
desired, then the second number is 
subtracted from the first. These rules 
may also be stated this way: the se 

ond number is always treated as posi 
tive and its sign is combined with the 
operational sign of add or subtract. 


Chus, the addition of two positive 
numbers that are each at least one-half 
the size of the maximum register rep 
resentation will produce a result that 
is to the right of the plus 1 point 


This produces no difficulty; the 
graphic picture of the register extends 
to the right or left for as many cycles 
as it is cared to extend it. However, 
these cycles are  indistinguishabk 
from the primary positive cycle. The 
loss of information by this process is 
called overflow. Because the lost in 
formation is a known magnitude, in 
this case equal to 1, it can be recovered 
by detection and supply of overflow 
program-wise or by alarm to the oper 
ator. 

The rules of binary addition and 
subtraction are very simple. There are 
only two values for each digit; two 
digits combined in an operation result 
in only four cases. Table I shows these 
cases for addition and subtraction 


TABLE | 
BINARY ADDITION AND SUBTRACTION 


Addition 0 Digit of A 
0 Digit of B 


00 Sum 
Subtraction 0 Digit of A 
(A B) 0 Digit of B 


00 OO Difference 
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If ‘Table I were ipplied to the addi 
tion of two binary numbers of several 
digits each, the most significant sum 
digit would be used as the carry 
into the next most significant position 
I'he effect of a carry of one would be 
to increase the sum by one. Thus in 
the jth column or digit position of 
pair of binary eight case 
could occur Ihese are the four of 
lable I in which there is no input 
carry, plus the four additional cases in 
vhich there is a carry from the (;—1)th 
column. A similar set of 
holds when the word 
placed by subtraction, sum _ by 


number 


tatement 
iddition l r¢ 
differ 
cnce Carry by borrow ind MICcrcAase by 


decrease The 


use the words carry and 


general practice is to 
um to mean 
ilso borrow and differenc« Chis is 
quite justified since 
regarded a 


ubtraction can be 
the addition of a number 
whose coefhicients are negative 

Table If shows the eight possible 
information states at the jth digit posi 
tion where C, is the input carry, C,,, 
is the carry to the next, (j+1)th, 
stage, and S, is the sum digit 


TABLE Hi—RULES FOR 
A BINARY ADDER OR SUBTRACTOR 
Addition 


Subtraction 


C jaa S 4 
) 


l'able II can be verified by assigning 
relative weights to the bit 4, is to 
ind C, are to 
be considered plus | in addition and 
ubtraction, S, is always 
and C,,, is plus 2 in addition 
and minu 


be considered plus 1, B 


minus | in 
plus ‘. 
2 in subtraction. ¢ must 
have the relative weight of magnitude 
’ since it is to increase or decrease the 
(j + 1)th digit position, which has a 
relative weight of 
the jth digit position 

In a Boolean algebraic equation the 


sum, S,, would be represented by 


with respect to 


Ar ByC; + Ag Br; 4 
Ay By; + As BC; 1) 


(Note that S, is the same for addition 
ind subtraction.) This is derived by 
taking the logical “sum” of all the in 
put combinations which are to lead to 
1 sum of 1. The carry, ¢ 


131 
vould be 


Ay B; + AyC; + By 
(addition) 
AyB; + AC; + By 


subtraction) (2 


In determining C, everal logica 


reductions were made to simplify the 
Cxprit ion 
E.quations | and 2 for S, and C 
ire the basic equations for a bina 
The physical form 


varies largely with the mechanization 


adder or subtractor 
of a serial or parallel operation 

Serial operation corresponds t th 
familiar paper and pencil method 
tention at any one time is fixed 
pair of digits and the previous « 
the sum is determined and or 
ind the new carry is held over for us« 
the next time. During the first tim 
interval inputs of d serial binary iddet 
x subtractor represent the least sig 
nificant digits of A and B; during the 
econd time interval, they represent 
the next most significant digits, an 
o on. The carry determined in on 
time interval is entered into a flip-flop 
so that it will be available for use in 
the next time interval. The sum digit 
is entered into a circulating register 

Addition and subtraction will not 
be done simultaneously and both have 
the same S, equation; therefore, an 
adder and subtractor are usually built 
with the same set of flip-flops. One 
flip-flop indicates whether subtraction 
or addition is to be performed. Figur 
1 shows a serial binary adder-subtra 
tor that adds A and B if X equal 
or subtracts B from A if X equals | 

In a parallel addition the n digits 
f B in a multiplicand register (n-flip 
flops) are added to the n digits of A 
in the accumulator register in one time 
interval. The sum is entered into the 
accumulator in place of A. {here are 
no carry flip-flops at the digit positions 
and the C,,, signal in Figure | and 
C,,, are provided as inputs to the 
(7+ 1)th stage The prin ipal difh 
culty in parallel adders is that the sum 
in the most significant digit position 
may be determined by a carry which 
originated in the least significant posi 
tion. For example, 


OLLLLLLLLIIL 
000000000000 1 


LOO0000000000 


It takes time for the carry to propa 
gate through the circuits at each stag 
and it is usually necessary to adopt 
special circuit techniques make 





sure that it does. The magnitude of 


the problem may be mitigated logically 
by using more than one time interval 
to perform the addition trict] 
peaking, this is parallel-serial opera 
tion). But this reduces the speed ad 
vantage of the parallel system. Re 
gardless of the techniques used t 
solve the carry problem the logica 
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actions at each stage are still given by 
Equations 1 and 2 for S, and C 
Parallel subtraction is usually done by 


] | 
Mpiem« ntation, dis 
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DECIMAL SYSTEMS 


An arithmetic unit may operate in 
the decimal mode by representing the 
decimal digits as combinations (codes) 
of binary signals. At least four binary 
signals are required to represent the 
ten decimal digits. Of the many way 
of coding, only a few have been used 
extensively One of these is th 
8-4-2-1, in which a decimal digit i 
represented as the equivalent binary 
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SYMBOLIC DESCRIPTION 


A A +*VYAB +X 
number. Another widely used code i ae teeta 
the excess-3 code, obtained by adding 

OO11 (decimal 3 

tation in the 8-4-2-1 code. By using 


more than four binary signals, addi 


ALGEBRAIC DESCRIPTION 
to each r presen 
FIG. 1. Serial binary adder-subtractor. For a parallel adder 


subtractor the circuit above is paralleled 20 times for 20 
tional redundancies are introduced 


which facilitate either error checking 
or recognition of a decimal digit. In 
the biquinary code shown in Table III 
iny decimal digit may be recognized 
by only two signals (the positions of the sum 1s not one of the used com Lhe ex is this advan 
the 1’: - should a decimal digit not ynation ind there is no decimal re: the { nl int binary carry 
have two l1’s in it. an error exist irry. Further analysis shows the dith ecl | digit group is equal 


digits, the C flip-flop being replaced by a unit with no delay 


I 
In the four-bit codes three signal culty to be th the decimal number s t the ce | Thy ix will 


ire needed on the average and a on quence jump 0,1001 (decima ilways be | initial binary 
bit error may generate another of th une and binary m1 to 1,001 um. ‘Th on is made by 


used combinations mal ten and bina either adding « i ng three if 


ting six of the binary numbers. Thu the initial T respectively 


TABLE Il! if the binary im of two decimal 


EXAMPLES OF DECIMAL CODING digits is greater than 0,1001, then six 1.0000. A sin p gnal that defines 
(0110) should be added to it to pro this is the d y or the fifth 
duce the correct decimal result. Thi bit of the bina um. As a cons 


Digit 8-4-2-] i ; Noulnes “forces” the binary sum to Kip the quence i idder is somewhat 


reater than r less than 


Excess 0 


Decimal or 


0 0000 01 1X excluded ombination Adding impier I i ii ) 1-2 | coding 
0001 01 1 six to the result of the above exampk i d | adder for the excess-3 
ri-¢- = produ c , co mg the lines in 
0 1 0101 
011 0.1110 dicat for the « ) code, is shown 
100 0,0110 in Figure z 
100 I Subtra | j I built on the 
10001 10100 
1oo100 l 
101000 which is 14 in the decimal coding ing the sa fl p flop 
A serial decimal adder for the Parallel] decimal adders may use 
8-4-2 code ma ve built by using gating networks which determine each 
An immediate thought in building 1 binary adder to produce a binary binary digit of the sum. The input 
a decimal serial adder for the 8-4-2-] um. storing th m in flip-flop , to these gat odes for two 
code is to add the decimal digits as that it may be examined at the com decimal digits w imultaneous di 
binary numbers. A few examples would pletion of a decimal digit cycle to se play of the binary sum digits and the 
how that in some cases the correct if it 1s greater than 0,1001, and adding irry from tl next least significant 
result is obtained but that in other 0110 with a correction adder if it i decimal digit position. These gate 
ises the result is incorrect. If 6 and Thi im correction adder may be ¢éi ma be rf iced from tables like 
S are idded., ther parallel OI eri } hinal | ible I] In eral, each binary digit 
irry signal in the fi dd mod of the m function of more vari 
0110 fied it the I ) ae ( le if ible than t i parallel binary 
| 


| 
1000 der Ih ry determination and 


ime general princip! even to utiliz 


there should b lecu carry when i 


] : . -_ re nro y ’ ‘ larger ) 
0.1110 there was 1 na ry dl ne larger pr 
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Hence there are few at 
tempts to add one decimal operand to 
another in one time interval 

One way to reduce the problem of 


portions 


adding decimal numbers im register 
A and B is to form the partial sum 
ignoring carrics in A and entering the 
into the B register. During the 
cecoml time interval the process 1s 1 
peated, this time adding the first set 
of carries to the sum 


Carrie 


Any new carr 
that form in this process are reentered 
into B, Eventually all carries 
to A by repeating thi 
cxampl 
B 47639065 
A 31573268 


are added 
pattern. for 


initial time interval 


B OLIOLIO 
1 78102223 second time interval 
PF? 00000000 


1 79212333 third time interval 
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BLOCK DIAGRAM 


1 When 7«0 

2. When 7@=1 

5 When /«1 
CONVENTIONS 


binary sum shifts to 01 


Possible conditions 
when 7! 


§ 102 03 





COMPLETE INPUTS 
Y/\ input 


D2 input a S$ a. Dy+7 


D3 input 
04 input 
nput 


Binary adder 
nput 


FIG. 2. 
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be entered 
n each case 


The same technique is 
to parallel 


applicable 
binary adders, but the 
greater probability of carry gencration 
it cach step makes the process liabk 
to run for several cycles, which would 
destroy the speed advantage of parallel 
addition. If the digits are 
grouped by three or four and internal 
group carries propagated speedily 
through the groups, then the machine 
is employing an octal or hexadecimal 
code that reduces the number of cvcl 
i repeated carry addition: 

Besides the straight serial or parallel 
operation, there 1s 


binary 


another widely 
used decimal computer arrangement, 
the serial-parallel. Here the computer 
is serial in that decimal digits arc 
transmitted sequentially, but parallel 
in that the binary coding of the digit 
is transmitted simultaneously Phe 
sum portion of an adder for this ar 









































011 to 02, 02 to 03, 03 to 04, D4 to as needea 
contained decimal carry, 5, 01,02, 03 contain the uncorrected binary sum 
wrrect decimal code is determined and entered into 01. 02 03 04 


102 0304 


S4+O:D1-D2+C-11-3 


oF ©.19./ 
+S:‘AA+5-02-03 


C$:03+5-1-D2+1 
+511-02+5-h-O 
+C:01-02-03+ 
+/ Oi-D 3 

CD: b3+0-0 


4+ 





D1 D3a+ S 
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01+5°02:03+7-S 
02+7°S-11-'03+C-01-02-03 


A serial excess-3 decimal adder. 


rangement would be parall 
carry would be serial 


NUMBER REPRESENTATION 
AND COMPLEMENTS 


The problems of number represen 
tation involve, principally, how nega 
tive numbers may be represented 
Both negative and positive number 
may be represented as signed magm 
tudes On bit 
whether the 
positive and the remaining bits would 
indicate the magnitude. With this 
representation, though, there may be 
intermediate results that do not con 
form to these rules. | 
subtractor, consider the result when 


1001 is subtracted from 0101 


vould designat 


, 
number 1 negative of 


ing the binary 


0101 
1001 


1100 


where the 1 set off by 
is the borrow that was unfulfilled 
While this result could have been 
avoided if the 5 had been subtracted 
from the 9, it may be the case that 


parenthes« 


the subtraction process was used to 
determine the relative size of two 
numbers. Also, it is usually time-con 
suming to determine the 
two numbers prior to the subtraction 
process. Thus, it may not be possibk 
or desirable to avoid thes« 
tions. 

Analysis of the result with the 
weights assigned each bit in ‘Table II 
shows the result is equal to minus 4 
Ihe bits of the difference (1100 
have the total positive weight of 12 
(8 plus 4 plus 0 plus 0). The unfulfilled 
borrow has the weight of minus 16 
and the total net result is minus 4 
Note that a number of magnitude 4 
can also be obtained by 
1100 from 10000. Thi 
reversing the signs of 12 and minus 
16 and getting this result 


larger of 


ubtrac 


ubtracting 
amounts to 


10000 16 
1100 12 


0100 


If two numbers produce a sum ex 
pressible by a single power of 2 (i« 


2"), the numbers are said to be the 
two’s complements of cach other 
Thus, when positive number ire he 
ing subtracted and there is an unful 
filled borrow at the end of the proces 
a power of 2), the result is nega 
tive and is the two’s complement of 
the true magnitude 
the preceding example 1100 is th 
two's complement of 0100 
+), and the correct answer is minus 4 

Complementation is useful as a ma 


Therefore, in 


decimal 


chine process It permits ¢climination 


of cither subtraction or addition, e.g 





MULTIPLICATION 
Nault 


howe 
ment 
minu 
no borrow 


plement 


on 
ching esctting the it flip-fl 
to | beto the addition commen 
In a I iachin 
effect 
zero-th uf 

laking thi 

nination 


id Titithi 


Thi 


ilso 


vher 


hi inipe d 


ADDITION AND SUBTRACTION ADDITION, A.B 


. j 1 0 
1 hie gencral 


minus B for ar 
1. Operand 

| 

Opt ind 


the multi 


SUBTRACTION, A 


After | | o0 
plished, the operational sis ) f 0 


minu order 


l ombined vith the 


tcrmin th Hila hime 


is then 
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Multiplicond register 
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From 
memory Enter 
en ca ll — 4 























100 -00 

From 

control | 
unit nee. 


Add 
De-complement’ 4 subtract & 


























~ Accumulator register 
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Detoy of N-2 bits 




















To 


<«_— 
memory 





4 


To perform the additior 


Read A from memory* 
Add O+A 

Read & from memory* 
Add A+@ 
De-complement** 


Circulate (os needed) 


Sal 


represent information flow paths os determined 
by the control unit signals 


of A+, 51.52.53 would be in the following cor dition 
51 4 $3 


Enter Cleor 
rculate Add-subtract 8 Sum 
Enter Circulate 
Add-subtract 8 Sum 


De-complement Sum 


rculate 
rculate 


rculote Circulate 


* At the end of this work time X is set to add or subtract os need be 
#e Moy not be necessory; if it is, X is set for subtract 


FIG. 3 


Serial arithmetic 


unit for addition and subtraction 


takes operands from memory and returns sum to memory. 


the multiplies stands for 
partial! product 2904 is 4 
but by being shifted left 
respect to 6534 it 1 
290400, 


In general, if r is the 


100. ‘The 
times 726 the 
twice 
equi 


radix of the 


t 


it is formed to the sum of 


preceding parti | products. Be 


product as 


with 
lent to 


fore the addition of the partial prod 
uct, the partial sum is shifted right 
I'he next partial product is then multi 
plied by ten with respect to the pat 
tial sum. 


number system, a shift of a number 
with respect to another number or to 
an imaginary radical point by n digit 
positions corresponds to multiplication 
or division by r". A shift to the left 
corresponds to multiplication and a 
shift to the right is equivalent to di 
vision. A shift is easy to visualize in 
a parallel machine, but more difficult 
in serial machines, where the numbers 
are continuously circulating. If it is 
remembered that the reference num 
ber is circulating too, it is seen that 
a left shift can be mechanized by 
adding delays to the circulation path 
and a right shift, by removing nor 
mally present delays from the circu 
lation path. ‘Thus multiplication o1 
division by the number system radix 
is easy to perform in a computer 

> The third phase is to find the sum 
of the various partial products, On 
paper, where storage is relatively cheap, 
it is the practice to obtain all the par 
tial products before summing. In 
arithmetic units, where storage is not 
cheap, it is easier to add each partial 
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‘The final sum, which is the product, 
is 2n digits long if two n-digit num- 
bers are multiplied together. It would 
appear that four 
are necessary. However, three one-word 
registers suffice. After each digit of 
the multiplier is used, there is no 
need to retain it; thus, a digit of 
storage becomes available in the mul 
tiplier register. Also, after each of 
these cycles the least significant digit 
of the partial sum is not subject to 
later change. This digit may be trans 
ferred to the vacated position in th« 
multiplier register. 

To illustrate this procedure 583 
will be multiplied by 212, as it would 
be in a decimal machine that uses re 
peated additions to obtain the partial 
products. 

Initially, the multiplicand register 
holds 583, the accumulator register 
holds 000, and the multiplier register 
holds 212. The least significant deci 
mal position of the multiplier register 
is a counter which holds the current 


one-word registers 


multiplier digit, and the accumulato 
register can accumulate four-digit 
ums. 


Multi- Accumu- 
plicand 


Multi 
lator plier 
000 212 


initial condition 





add multiplicand twicec 

















Product 123, 506 


For a 2n digit result, the most 


nificant n digits are found in the accu 
mulator register and the least signifi 
cant n digits in the multiplier regis 
ter. For the most half to 
contain as much information as po 
ible, each of the 


ignincant 


factors must be a 
close as po sible to maximum repre 
sentation. In other each fa 
tor should contain as much informa 
tion as pos ible in its most 
half. It is 
sider numbers scaled in thi 
being less than one in magnitud 
rather than as integers 


word 


ignihcant 


more convenient to con 


Mianne©r a 


DIVISION 


Division is the proc f deter 


mining how many times the divisot 
is contained in the dividend. In th 


division 988/13, the 13 uld | ub 
tracted 76 times and a positive balance 
would remain. On the 77th 
there would be a 
which indicates the quotient is be 
tween 76 and 77. Just where would 
depend on the remainder, which can 
be obtained by adding 13 to the nega 
tive balance. But this solution 
entially a counting scheme, 
is very slow. 

If the 13 is multiplied by ten s¢ 
that it appears as 130 before the ini 
tial subtractions, each of these sub 
tractions is equal to ten of those above 
On the eighth cycle a 
ince appears, which indicates that the 
quotient is 70 or more and less than 
50. Adding 130 to this negative bal 
ance 


time 


negative balance, 


Is cS 
which 


negative bal 


ives a positive balance of les 
than 130. At this point, 130 can be 
divided by 10 and a series of 
tions made to 
quotient digit. This method is readily 
extended to larger with as 
many divisions by ten as there are quo 
tient digits. It is the 
peated addition 


o 
g 
] 

ubtra 


determine the unit 


number 


inverse of I 


n multiplication 





I tati ) und 4 the 
thar } F nes iti alan 
rie quotient di it 
machine mechanization P positive balan 
1 of the divisor at th icxt time, quotient 
juotient digit cycle would Both multiplica 
nit ight shift of the divi have been discu 
the I roceeds digits of the d osiftive number 
be shifted out ilso applicabl 


tcl it roving thi imformati nven iS mag 


Ihe partial balance, though, i nent in be u 


duced to | than the divisor at hed technique 


| BRANCH ORDERS 


deal of the 


end of each quotient digit cvcl 


partial balance in be multiphed 
ten, the effect being the same a 
viding thi livisor by ten Then n 
formation 1s lost 
In decimal division, the divi 
red imitiall in the im iltiphi in 
( lividend in the 
mutator, and the multiph 
is Cleared. The following pr 
then repeated until all thi 
digits have been g 
Shift the 
to the | by one radix 
\ ne the accumulato 
nor ignihcant digit 
than the other regist 
Subtract the diviso 
iccumulato 
Count Ip | 
ligit if the accumulator 


p 





tive and repeat st 
If the accumulator 
proceed to 4 

Add the divisor to the accun 
lator to get a po itive balan 
Shift the multiplies register Icft 
ind insert the quotient digit 


the least significant position 
Repeat | through 5 until t 
required number f quot 
digits has been generated 
At the end of thi program the n 
indi register contains the 


ontains th 


juotient 

1 he Tit principle 
binary division Since cach quot 
digit is 0 or |, only one tnal subtra 
tion is made for each. If the balan 
is negative the quotient digit is 0 an 
if positive the quotient dig 
Step 4 can be eliminated 

\ Piveh ADOVE whene i ! 
tive balance is obtained the divi 
idded to correct this overdraft bhi 
orrection can be made after shiftin 
the partial valance if it is noted th 
the error in the balance is shifted al 


} ] 


[he correction im ombined int 


m yperati n with the ia t 


tion for termining the next t 
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IDEAS AT WORK 


Radar Antenna 


Checked in Simulated Flight 


W. R. NASS and A. C. MORSE ance. Practically, it is not possible to of aircraft motions (pitch and roll) on 

Convair, San Diego ichieve this ideal condition because a land-based test stand minimizes in 
of bearing friction, balance com flight testing time and allows economi 
promises, electrical cable drag, slip cal development, testing, and evalua 
ring friction, etc. tion of the dynamic performance of 

lor precision applications of air Precisely controlled torques, de the stabilization system 

craft radar, antenna attitude must be rived from a stabilization system and ANTENNA STABILIZATION SYSTEM 

unaffected by aircraft maneuvers. In ipplied to the antenna’s gimbals, bal 

effect, the antenna must be a free ince out detrimental coupling effects Operation of the stabilization 

body, independent of aircraft attitude Vhis assures space-stabilized antenna tem lays down the basic specifications 

Ideally, these requirements might be operation for mapping, precision for test stand performance Ihe sta 

met if the antenna were mounted in a bombing, navigation, and tracking bilizing device contains several servi 

frictionless gimbal with perfect bal Simulation of the physical maneuver: mechanisms. A servo motor 


es 


FIG. 1. This view of the hydraulic test stand shows two cylinders that oscillate the movable plat 
form about its horizontal axis. Here both mounting brackets for pitch and roll maneuvers are attached 
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Ihe block diagram of the radar stabilization system test stand indicates generation 


of command signals within the control unit, the amplification of the signals, and their subse 


quent operation of the valves and cylinders 


The complete system is closed-loop operated to 


assure that the platform follows the position commanded by the function generator 


torque on each gimbal axis. Electrical 
signals that control these motors o1 
iginate in a gyroscope mounted on the 
antenna gimbal. Any change in atti 
tude experienced by the antenna is 
also felt by the gyroscope, which gen 
erates a correction signal that drives 
the appropriate servo motor and thus 
corrects antenna attitude 

The stabilization system error volt 
age serves as a measure of the radar 
system’s performance. ‘The voltage is 
directly related to the difference be 
tween antenna position in space and 
the gyro motor position in space, and 
the variations of its magnitude, fre 
quency, and phase angle are easily 
measured 


TEST STAND REQUIREMENTS 


A typical radar weighs about 250 
lb and occupies a space about 40 in 
in diam and 40 in. in depth. Structur- 
ally the test stand (Figure 1) must be 
able to support its cantilever load 
while it subjects the radar to pitch 
and roll. All parts must be structurally 
stiff bec se Cxces ive compliance ke 
stiffness) may result in unstable and 
operation, particularly 
response test 


unsatisfactory 
during fre quency 
the stand oscillates at high frequenci 
To simplify design, only one degree 
of freedom i 
that of rotation about the horizontal 
axis. Attachment points on the test 
stand permit the radar to be mounted 


W hen 


com: ide re d necessa;ry 


with either its roll axis or pitch axis 
coaxial with the rotational axis of the 
stand. Aircraft motions are synth« 
sized by driving the test stand’s mov 
able platform angularly and sinusoid 
ally. ‘Typical maximum design value 
include an amplitude of plus or minu 
12 deg, a velocity of 60 deg/sec, and 
an acceleration of 300 deg/se« 


TEST STAND DESIGN 


Oscillating the high inertia load 
requires a driving power in excess of 
5 hp. Practical considerations indicate 
generating and controlling the oscil 
lation signals with an electronic fun 
tion generator that delivers low-power 
ignals 


that necessar\ 


Previous ¢ xperience sugg¢ sted 
powce! rain ¢ ould be ob 


FIG. 3. The control unit with function 
generator feeds command signals to the 
clectrohydraulic servo valves, which in 
turn control the cylinders and drive the 


test stand’s movable platform. 


tained with drault ictuators con 


trolled by electrohvdraulic servo valves 
Vhu i low-level signal 
drives the hi hydraulic 
motor, as shown in Figure 

lhe test ! use two balan ed 
hydraulic of 1.259-in.” piston 
irea and a 10-in. stroke. These cylin 
ders, located close to a test-stand bear 
ing, reduce bending moments and 
tresses on the test stand. Hydraulic 
cylinder ire nnected in parallel $0 
that difference ilves will not stress 
the structure lwo Moog Model 1400 
hydraulic servo valve 


clectronu\ 


N-powel 


of 10 gpm max 
used in parallel to 
drive th linder One valve of 


flow ¢ ipacit i 


0 gpm capacit ould be used now 
that they are available A »,000-psi 
hydraulic fluid inlet pressure at the 
cylinder may d clop an acceleration 
f 400 de é m the load. The 
crvo 1 inputs ilso are 


Valve perform 


ince is nearl il and entirely 


connected in pa 
itisfactor ) ion has been experi 


associated 

erator also 

oop tem A 

mn feedback 1§ 

it one 

the test 

tand OS I . I ommand 

gnal of inctio generator 

Moderate | assures smooth 
operation of the t stand 
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MODEL VRSAC750 
0-750 VOLT RANGE 


REFERENCE SOURCE 


VOLTAGE 


FOR RESEARCH LABORATORIES + SCHOOLS + PRODUCTION TESTING 
AMPLIFIER GAIN CHECKS + OSCILLOSCOPE CALIBRATION + SERVO TESTING 


The Sorensen VRSAC750 Voltage Reference Source is a low cost, 
highly accurate regulator primarily designed for calibrating AC 
voltmeters in the 0-750 volt range. It is ideal for use with nearly 
every power meter commercially available. 


Its compact design, simple operation and accurate performance 
make it extremely useful to the laboratory or the production 
shop. The VRSAC750 is specifically designed for bench-top oper- 
ation .. . all controls are within easy reach of the operctor, 
and the reference meter is clear, easy to read, and placed at 
eye level to insure maximum accuracy of adjustment. 
Input voltage range 105-125 VAC, 19 
Input frequency 60 +0.5 cps 
Input current 7 amperes maximum 
Output voltage 1-799 volts in 1-volt steps 
Output voltage accuracy + 0.25% at any voltage in 20°-30°C ambient 
Harmonic distortion 1% maximum introduced by the unit 
SIZE 20%" high, 19%" wide, 12" deep WEIGHT 115 pounds net 


VRSAC10 — A versatile instrument for lower voltage applications 
featuring high accuracy at extremely low cost. 


Ovtput voltage 10 mv to 10v RMS in three ranges 
range 
Calibration *0.1% at full scale at 60 cps 
accuracy 
Input voltage 115v * 10%, single phase 
Input frequency 50-60 cps; to 400 cps with 
slightly less accuracy 
Waveform Distortion is negligible 
Regulation with load 0.25% max., with load resistance 
5 J higher than 05 megohm 
Pe Regulation with line +0.25% max 


Write today for complete specifications, performance data, and quotations 


COMPANY, INC, © 375 FAIRFIELD AVE. © STAMFORD, CONN. 


i CONTROLLED POWER FOR RESEARCH AND INDUSTRY 
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IDEAS AT WORK 


Automatic “Mike” Uses Forwardlash 


MAX FOGIEL, Ford Instrument Co 


Although the diagram 
tend to indicate otherwise 
onomy were the targ FIG. 1. The measurement 
n for an automat device's basic clements. A 
formance accuracy 1 differential is used to sub SUUQUUDT A OUUDUUL 
).0001 in. for a highl tract the motion of a — oa 
products was a design movable tongue relative to 
Output is a shaft rota a movable jaw from a ro 
rage measurement i tating screw calibrated in Lenny 
mecrements 
heme 
ited accu 
gral inches onl But the 
inion is accurate through 


r The screw is r 


the movable jaw tongu 


ind then 1 topped if tl 
next integral inch position. The m 


ment of the tongue with r pect t 


| 


the movable jaw is automaticall ul 
tracted from the rotation of the ser 
bv the differential, whose output th 
indicates the true diameter of tl 
measured shaft 

Thi rangement 1 uthcient 





loth component ir wecurat 
enough In practice, however, the 
ire imaccuracies in the screw and in Fles/ble shot? 
transmission to the differential. ‘Th said 
can be disposed of by th ircuit =f stotor 
hown in Figure 2 without high pr ’ 


cision or costly component 





lutches connect a drive motor t 
both the measuring jaws and to th 
differential. By relay-actuating these 
clutches one before the other, th 
proper amount of “‘forv irdlash } 
be introduced into the output differ 
ential t ompensate for the backlash 


found to exist elsewher , 6 4 4 
Since the rew will po or ri [534 [Motor | . 


movable jaw to integral inch 


Severe ot at 44 





only t ese point The conta 

the I witch set attach« 

the ‘ re closed onl he 
ntegral inch posit 
the r ontact 


FIG. 2. The complete circuit for the system, showing how clutch 
tacts r pectively introduce corrective displacement mad 


md con 


indicate shaft position 
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From MOOG...Integrated 


Electro-Hydraulic 
Servo Actuator 
Units 


> Industry today has many new requirements 
for special actuators for use in high-perform- 
ance electro-hydraulic servo systems. The 
Moog Valve Company, Inc., as a leading servo 
valve manufacturer, recognizes a need for these 
components to be supplied as integrated valve- 
actuator assemblies. Such complete 
actuator packages offer the ad- 
vantages of a comprehen- 
sive custom design in- 
cluding reduced over- 
all complexity and 
minimum size and 
weight, 
These package 
units available from 
Moog include an ac- 
tuating cylinder, an 
electro-hydraulic servo 
valve, and a feedback sens- 
ing device. In combination 
with a suitable electronic amplifier 
they provide control of actuator displace- 
ment as a function of input signal. Overall per- 
formance is characterized by high dynamic 
response, linearity, and excellent resolution, 
To meet special requirements, assemblies 
can be provided which include such auxiliary 
devices as shut-off or by-pass solenoid valves, 


force limiting relief valves, and piston locks. 


MOOG VALVE CO., INC. PRONER AIRPORT, EAST AURORA, N.Y. 
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Ihe 


tim 


upon the closing of contact set 2 

yf relay 4 has a brief 
match 
thread 


operation 
delay to irregularitics in the 
Relay 4's 
duces the “forwardlash” 

Ihe clutches on the same shaft 
vith the locks are friction 
types, which compensate for irregular 
energization of the clutches in th« 
tracting cycle 

One aspect of the circuit that 
not too easy 


two sets of 


Crew delay pro 


constant 


reason for 
that th 


is the 


Note 


to sec 
ontact 


Sample 


Steam ejection, condensation by 
water jet, and centrifugal sepa- 
ration provide a washed, acid- 
free sample to a flue gas oxygen 
content analyzer. Hence, an open 
hearth flue gas sampling system 
with no maintenance headaches. 


I hie percentage of oxygen in the 
fluc 


1 good index of furnace performance 


“as Of an open hearth furnace i 


Oxygen content can be measured r 


liably with magnetic oxygen analyzer 
oxygen is strongly attracted by mag 
fields), and this measurement 
faster heats and increased stee] 
production. The problem is to get 
dirt-free with 


of maintenance 


neti 
permit 


1 continuous 
out lots 

A new ipproach Was Uu ed by Leed 
& Northrup for an oxygen analyzes 
installation at Jones & Laughlin Steel 
Corp. in Pittsburgh. In this installa- 
tion, a recorder-controller adjusts the 
fuel-air automatically for opti 
mum combustion efficiency 


umple 


ratio 


SAMPLER DESIGN 


The new tem 1S 
trated in Figure | It use 1 
jd keted probe, i 


illu 


water 


impling 


steam ejector, a ject 
ondenser, and a centrifugal separator 
Each of these is necessar 
trouble-free 
! icket cools th 
the cffects of tlic 
ga Che in the 
probe carries filtered water to a 
zie which washes the probe opening 
with jets to keep it free of slag. Small 
idial sprays flush the 
0 prevent the accumulation of dirt 
The suction of the steam ejector 
draws the mixture of fluc 
vash water from the probe 
thoroughly with the 
ind the 


to contin 
The 


igainst 


impling 

tube 
very high tempera 
ture fluc center tube 


noO?7 


imple passagt 
+ 


gas and 
Steam 


ind 


mixture passes to thi 


1NIXes 


dirt 


PAS 


ustable angular dif 
two shafts Al 


of this svstem 


iction of contact set 2 1s effective onl ntroducing an 
ifter set 1 has closed relay 1. So long ference between the 
contact set 2 closes after set 1, a though the 
| correlation of shaft angles is perate 
inaintained In effect, this 
When the rew 
integral inch points, it stops, after cet 
tain fixed When the 
to the lifferential reach 
positions, it stop 


component 


| 
ntly from performance 
iniable delay could 


used with lav 4 


positive consist 
irrang: to performance i \ 
r¢ ich Bri 


ment says, enabling a non 


linear angular d ment between 


delays input the different the screw ove! 
integral mou Ol Tr cw 
Lhe am 1 he 
ruous connection which the clutch 

cate is thereb ited for 


thout affecting the possibilit t 


range 
when the 
but these 


isurcment 


11h h 


ompen but 


Flue Gases Without Dirt 





Centrifugoa 
eporator 


, ot ond 


froin 
iG. | 


sample to an oxvgen malyzer with tmnimum of mamtenance 


A flue gas sampling system that will deliver a clean 


FIG 2. A 


recorder-controller on an open hearth furnace panel board 


magnet malyzer 


oxygen below md a 


inalyzer, 
in ple On 

I n i | nm the tubing 

it of the ’ ' ! ‘ red to the 

if at the bottom nalvze bed id acid-free 
on ot the 


me vligible 


them « 
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“American-Microsen” Electronic Control 
chosen by PETROFINA on proved performance 














Photos courtesy The Lummus Company, New York, N. Y. and 
Canadian Petrofina Ltd., Montreal, P. Q 


This is the new refinery of Canadian Petrofina, Ltd., at Point aux 
Trembles, Quebec. Located here is the first Catalytic Cracking 
Unit in the Western Hemisphere to be operated by the “American- 
Microsen” Electronic Process Control System. It is the latest of 
hundreds of installations that have proved the reliability and prac 
tical advantages of “American-Microsen” control for refineries 
and chemical plants 


This Petrofina installation demanded long-distance transmission 
and difficult control applications, but start-up was completed 
ahead of schedule—to the benefit of refinery and contractor. And 
the installed cost of the instruments was the same as for conven- 
tional controls 


The long list of successful “American-Microsen” applications in- 
cludes plant-scale operation of numerous critical petroleum and 
chemical processes, Conventional instruments could not control 
some of these processes, but they are handled easily by “ American- 
Microsen” because of its speed of response, sensitivity and lag-free 
transmission. Many of these installations have been functioning 
well over a year, without maintenance problems, and with the 
enthusiastic approval of users 


You want better control and simplified servicing in automating 
your processes for higher product quality and greater economy 
The “American-Microsen” Electronic Process Control System as- 
sures both—-on new units and those now impossible to control 
satisfactorily. Invite one of our field sales engineers to help you 
determine the best equipment for your requirements without obli- 
gation, of course. 





MANNING, MAXWELL & MOORE, INC. 


MAXWELL INDUSTRIAL CONTROLS DIVISION, STRATFORD, CONNECTICUT 


o 
¢| 
M 8| MAKERS OF ‘AMERICAN. MICROSEN’ ELECTRONIC TRANSMITTERS, INDICATORS, RECORDERS, CONTROLLERS, ELECTRO 


MANNING 


a| PNEUMATIC VALVE POSITIONERS AND ELECTRO-HYDRAULIC CONTROL VALVE OPERATORS 


TRADE MARE 
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IDEAS AT WORK 


Digits and Optics Team For Precision 


Sixteen-bit code wheels for high-precision 
analog-to-digital converters demand special 
manufacturing tolerances and techniques. A 
new machine uses electronic digital techniques 
and an optical approach to reduce hundreds 
of hours on a dividing engine to about two 
hours. Moreover, it makes 16-bit discs easily, 
whereas dividing engines failed to produce 
a single satisfactory 15-bit disc. 





hIG. 1. An optically-r id code wheel for analog-to-digital conversion 


E. M. JONES 

The Baldwin Piano Co., and 

B. LIPPEL and K. M. DOERING 
Signal Corps Eng’g Labs 


j hin 
ording 


photo 
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m™ Here is the new LESLIE “HI-FLO” Water 
~ Reducing Valve with 50% more capacity 


het eS 
7 -~ 7 


HERE 1S THE ALL NEW Le 
fion feature that 
regulator with 50 


Here’s the unbeatable combination of design features 


“HI-F LO” Large bowl construction; long stroke diaphragn 
gives full flow of water and other 
FULLY BALANCED The 


lowe! 


lie Reducing Valve with capacity-) 
have never been offered before Here 
100% greater capacity by actual test 


non-corrosive liq lid 


main valve, fully 
diaphragm, virtually floats to 
friction-free, throttling action 
DROP-TIGHT SHUTOFF Re 
tight closure 


balanced by 
provide moo 


ihent seating dis« 


provie 
onditions 


under all « 
Unique construction of “Hi-Flo” Re- 


TROUBLE-FREE DESIGN 
ducing Valve. Note the small lower nated; no p 
diaphragm that provides fully bal 
anced, floating action 


Chatter and hammer « 
seals to clog or change. Corro 
with renewable interchangeable fit 


ton cups o! 
resistant trim 


Ask your Leslie Engineer to show 
“Hi-Flo” valve can be used to 3 
tations, fuel oil 
your cla 


you how the exclusive Le 
your advantage in water reduc 
pressure control, process lines, et He 
ified directory under “Valves” or “Regulator 


*Write today for Bulletin 553 for graphic performance com- 
parison and complete capacity data. 
TRADE 


SLIE | REGULATORS aNd CONTROLLERS 


LESLIE CO., 211 GRANT AVENUE, LYNDHURST, NEW JERSEY 
ie > ss 
CONTROLLED QUALITY MEANS QUALITY CONTROLS 
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FIG. 2. Block diagram-schematic « 
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NEW PRODUCTS LISTING IN GROUPS 


1- 6 Designs of the Month 
7-17 Amplifiers, Controllers, & 
Data Systems 
18-22 Detectors 
23-25 Numbers Machines 
26-30 Recorders, Indicators, & 
Analyzers 
31-34 Valves in Control 
35-44 Power Sources 
45-48 Relays & Switches 
49-63 Control Components 
64-66 Potentiometers in Control 





TEMPERATURE DETECTOR 


temperature differentials indicated by brilliantly colored image 


Were thi page printed im ful io Originally cd cloped f nil 


ly photo ibove would ippear in a ta the | iporograph 


inety of bright pastel hu Ih offered at price nea 


ires of the auto would be a bright vel ipphi ations requiring th 


low the background a cllow-green tection if 


ind the rest of the ca mous shad Wind tu 


of blue and red. ‘This is because th irface | 


ti mper wu 


icture is the output of a unique de tion. Another is obser ree 
called — thi lvaporogi iph It perature distribution 

cates image iccording to tempera ( ls and comples 
differential ind inchicat th be used to observe heat vy through 


differentials by means of brilliant co ree Wass or hot spots in nnple x 


’ 
ilt len ippea 


; 


re nt < iporation 
reflected infrared 
heated for a fe 


Ol In thre photo ibove th ti cl tron i cmble Lh Té olution the oil , it coo 


raciator are hot Sensitive to about of the image is th qui ent of 3! : 
: mto vicw hanging 
deg | thre ] iporograph vork r UU) individual thermo oOup 


. clo \ built-in car 
markably well in total darkine ta Ihe intriguing colo 1 ad Wed vithout 
j Hie Jit ( | 10) l 
ing picture of objects which, for all duced by the Evaporo re Cl a. : It 4 
om Ol ViecVv TAK ib 
prac tical purpose ive at ambient tem ited by the same colo vt r 4 ; th “ee 
: Or ft ] iv 0 Dppcd i 
perature, It can do this because dif erties of a thin layer of I > mo, 
ite Inc 33.) Universit Rad 
ferences in surface reflectivity result in \ ro thin bride 8 Mas 
more or less heat radiation, and hen 


detection by the instrument ck-backes mbrane and the i J Circle No. 1 on reply card 


MULTLVOLTMETER 
pen drive uses force-feedback 


\ pen-moving mechanism said to be 
50.000 times more power rful than that 


used in conventional direct-deflection 


recorders directh operat ilarm con 


| 


tacts without increasing indicating e1 


ror. The chart paper | in.-wide 
trip or IBM card type wit! 


line coordinate The se 


tronic record rang 
microamps and 0) to 
in accuracy ol i pt 
[he recorde! us 


i] transducer 
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ANALOG COMPUTER 


contains up to 96 amplifiers and 50 nonlinear elements 


ictal af 

' a ° nd > - 
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f peesesea , 4h 
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humber 
** #0005 
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\} 
Circle No. 3 on reply 


SEMICONDUCTOR SHOWING 
seven new items court computers, servos, and powel supplies 
I hie 


n NPN 


nininim of 


A wholly new type of semi ondu 
tor, a silicon double-based diode act 
as a miucrosecond witch having 
regencrative switching action between 
two stable tate Ilenee, it i prot 
fered for duty im  multivibration 
phase I unplitude detector iv 


tooth generators, and clectri hi rhit rte clect Circle No. 4 on reply card 


DATA HANDLER 


routes up to 1,000 voltages into digital data with unique pinboard function control 
A new industrial data reduction ‘ . 

tem converts up to 1,000 transduce 

voltage into punched tape ird or 

automatic ty] riter Co} It’s offered 

for either proce yw aircraft ipplie 1 

tion When gathering fast-changing 


data, readout in be at | ) point 
pel vhik vhen VOTAING 
speed data read out clectt 
cally, it not up to 300 point 

i peed inh lin vith pro 
requirement 

\ minature pinboard enable 
cial grouping ind } nd to 
the zero-setting pot ommon to 
data-handling system By meat 


the pinboard an operator 
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Here's The “Inside Story" of 


PENBERTHY 
GAGE VALVE 
SUPERIORITY 


Steel pele 
Lockout 3 


8 


Stainless Steel 
Standard or B 
Quick-Closing 

Stem 

Stainless Sceel Ft 
Packing Gland 
High Tempera- 

ture Resisting 

Stem Packing | 
Stainless Steel 


Seem Packing H 


Identification 


Plate 


Steel Wheel j 


or Lever 


Sterl Stem 
Packing Nut 


Ball 


5 ” 
Retainer 
Porged Steel 1 
Body 
Stainless Steel ™o 
eS 


J 
Stainless Steel K 


Hall Retainer 


Pacented “Float 
ing Shank 


Sceel Tailpipe 


Steel N 


Coupling Nut 


@ Unmatched quality and design mean top 
performance at lowest cost during long set 
vice, FLOATING SHANK alone saves 50 

or more on installation costs. Order through 
local supplier or direct, Write for Caralog 


No, 35 showing complete line 


PENBERTHY INJECTOR COMPANY 
Division of the Buffalo-Eclipse Corporation 
1242 Holden Ave., Detroit 2, Michigan 


—puety = 


EJECTORS 
EDUCTORS 
112 CONTROL 
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SYPHONS 
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uch divergent functior i iling 


zero offset, linearization, alarm limit 
totalizing, and readout form 


nore, 


l’urther- 
these operations can be pet 
formed on all 1,000 points 

I'he data reducer is said to make 
malog-to-digital conversions with an 
iccuracy of of one per cent, with 


DATA HANDLER 


continuous checking against a stand- 
urd cell. The system scans five chan- 

ls per sec for punched tape readout, 
me channel per sec for cards or log 
heet display. Beckman Div. of Beck 
man Instruments, In Fullerton, 
Calif 


Circle No. § on reply card 


takes 18 channels simultaneously for 180 points sec scanning 


Magnetic tape, then IBM cards 
take note of the voltages on 18 chan 
nels in $+ microsec in the new Datra 
C System. All 18 channels in the 
simultaneous conversion are noted on 
a single tape block and printed out on 
a single IBM ecard. Recording can be 
if desired. Up to 750,000 
individual readings can be stored on a 
single 104-in. reel of magnetic tape 


Relative accuracy is given at 0.025 per 


continuou 


cent, absolute accuracy at 0.1 per cent 


Inputs can have full scales of plus or 


1.000 volt The 
extensive use of mag- 


minus 10 mv to 
ipparatus makes 

netic circuits and standard cell internal 
reference, and checks the accuracy of 
the data as it is being transferred from 
magnetic tape to punched cards. Tape 
coding includes sign of the input and 
its value to four decimal digits with 
parity check and sprocket pulse. Epsco 
Inc., 588 Commonwealth Avenue, 
Boston 15, 


Mass 
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AMPLIFIERS, CONTROLLERS, DATA SYSTEMS 


TELEMETERING PAIR: 


Given a transducer, a new pair of 
will make an fm telemeter 
A millivolt dc 
to frequency-modulate an audio ton 
Ihe receiver converts this fm signal 
into something that can drive a re 
corder. At least 45 individual chan 
nels can be accommodated between 
765 to 20 ke by the setup. Radio Fre 
quency Laboratories, Inc., Powervill 


Rd., Boonton, N. | 


products 


ing link input serves 
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Design Factors 1n 
‘lelemeteringe Systems 


Four important points to consider in planning 
for remote measurement or recording 


A BRISTOL APPLICATION NOTE 


Telemetering systems provide a 
proven way to keep tabs on a remotely 
located process, pipe line, service o1 
utility. In fact, any time remote indica- 
tion recording, or control is required 
telemetering can serve your needs 

Here are the four conditions which 
must be considered in selecting the 
best telemetering system for any instal 
lation 


1. VARIABLES 


Most industrial variables can now be 
measured, computed, and convert d 
into a form that can be transmitted 
electrically. Their number and variety 
influence circuit complexity and the 
appearance of the receiving panel 
Some variables now being successfully 
telemetered include 


Pressure « Current and voltage * Tempera 

ture * Flow « Electrical power * Wind veloc 

ity * Liquid level * Motion * BTU’s * pH 
Horsepower * Speed 


2. FREQUENCY OF READING 


While the majority of telemeter sys- 
tems in service today are the point 
to-point continuous recording type 
complex networks and interrelated va- 
riables are making sophisticated ap- 
proaches more and more necessary. The 
problem usually boils down to these 
questions: how often is measurement 
necessary, and what is the least costly 
way to install and run the system? 

Five types of possible hook-ups are 


Continuous recording — where variables 
are critical and need constant watch. 


intermittent indicating—where variables 
need only be checked at intervals 


Continuous-Intermittent—where it is 
possible to separate more critical vari- 
ables for constant and intermittent tele- 
metering 


Grouped-Multiplex — where several 
measurements can be transmitted as a 
group over a single circuit into a “mul 
tiplexed” receive! 

Successive-Multiplex— where measuring 
points over a large area can be “multi 
plexed” at intermediate locations, then 


herded to the pane | 


3. TERRAIN 


The type of interconnecting circuit 


between the measuring transmitters 


and central panel usually depends on 


the terrain: its topography, weather 


and degree of settlement. Hence, sig 
nals may be carried by one, or by com 
binations, of the basic transmission 
media 
Radio 
used to take signals over mountain: 
deserts, and seas 

Wire—strung wire or leased lines can 
cover plant urban, and rural areas 


various types of radio can be 


4. INSTRUMENTATION 


Bristol Metameter® Telemeters are 
eminently adapted to any of the condi 


tions of measurement frequenc Vy, vari 


ables, or terrain likely to be encountered 


in telemetering. Transmission can be 
provided over telephone circuits, car- 
rier current, radio—including micro- 
wave, VHF and unr—and private wires 
multiplexing and selective calling. Un 
der all sorts of conditions, thousands of 
installations, ranging from just a few 
to hundreds of instruments each, have 
proven the dependability and reliabil 
ity of Bristol Telemeters—pulse width 
(or duration), differential transformer, 
and voltage type is wella pneumati 


Sy stems 


For more information on how Bristol 
Telemeters can benefit you, write THE 
BRISTOL COMPANY, 101 Bristol 
Road, Waterbur 


20, Conn 444 


TYPICAL RECEIVING CENTER in multiplexed telemetering 


BRISTOL 


POINTS THE WAY IN 
HUMAN-ENGINEERED INSTRUMENTATION 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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KEARFOTT 
R 900 
SERIES 
SYNCHROS 


for immediate | 


delivery 


These SY NCHROS are mass produced in a plant devoted exclusively to their 


manufacture 


HIGH ACCURACY 
Probable error 7 mins 
Maximum error 10 mins 


HIGH AND LOW 
TEMPERATURE STABILITY 
Rugged construction minimizes null shift 


with temperature variations 


CORROSION RESISTANCE 
Stainless steel housings, shafts, bearings 
and laminations 


This makes the following advantages possible 


ee a ae 


LOW PRICES: 


TYPE MODEL 
Transmitter RSPII-IA 


PRICE* 
$29.50 
Control Transformer RSPOI-1A 29.50 
Repeoter S9ZI-1A 31.50 
Differential RSOAI-1A 51.00 
Resolver RSODI-IA 44.00 
*Based on |.25 unit price with leads and standard 
shaft. Quantity prices on request 


me ee ee ee ee ee ee ee ee ee ee ee 


LET US KNOW YOUR DELIVERY REQUIREMENT WRITE TODAY 


KEARFOTT COMPONENTS INCLUDE: 


Synchros, Servo and Mag 


Tachometer Generator Her 


(;yros, Servo Motor 
netic Amplhhers 
metic Rotary Seals, Aircraft Navigational System 
md other high accurac mechanical, electrical 


ind electrome Components 


Send for bulletin giving data of components ol 


interest to you 


A SUBEIDIARY OF GENE MAL PRECISION EQUIPMENT ConPORATION 


KEARFOTT COMPANY, INC., LITTLE FALLS, WN. J. 


Seles ond Engineering Offices: 1378 Moin Avenue, Clifton, N. J 


Midwest Office: 188 W. Rondolph Street, Chicago, ti! 


South Central Office, 6115 Denton Drive, Dalles, Texcs 


West Coost Office: 253 N. Vinedo Avenve, Pasadena, Collf 
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NOISE MAKER: 


Intended for testn 
idiation letection 
6-lb random noi f 
tro ither line url 
Universal Atom 


th St., New York 17 
Circle No. § on reply card 


DC AMPLIFIER: 


\ plug-in amplifier, Model C23125, 
uses a magnetic converter in its input 
stage in place of the common electro 
mechanical chopper. ‘Thi 
isolates the millivolt input 
the rest of the 
characteristics: 

PF oain of 5.000 


mnovation 
inal trom 


Amon it 


circuit 


P linearity to within 0.) pel 
P drift less than 30 microvolt 
P rise time less than 0.05. s¢ 
P noise less than 20 microvolt 
ferred to input 

1 40 
ps, 6.3-volt input. Doelcam Div. of 
Viinneapolis-Honeywell, 1400 Soldiet 
Field Road, Boston 35, Mass 


Circle No. 9 on reply card 


[he magnetic converter us 


DT CONTROLLER 
\ new 


medium, and high frequencies from 
| to 20 volts for the excitation of 
two independent differential 
former pickups. Adjustable amplifier 


pickup controller oft 


trans- 


have meter outputs for ca h channel 
Overall 


hange IS 


tabilization igainst 


within 0.25 per cent. ¢ 
ent Engineering (* Research (¢ 


11632 McBean St Il Monte, Calif 
Circle No. 40 on reply card 


SPEED CONTROL: 


A new electron nti ce ped 
specifically for the 
tool spindle speed LISe 


of machine 
ty firll-w 


treo!) 
OnTTO 
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Construction — Printed circuit terminals are designed OTHER VERSIONS 
with snap-in feature which holds relay in printed circuit 
board without lugging prior to solder dip. 
Other versions of MS relay available with standard solder 
type terminals and insulating base, where required. Also 
with 4 N.O. isolated circuits having common make. 
While not yet in production, extra-sensitive version has 
been developed. Maximum coil resistance 18,000 ohms, 
nominal sensitivity .030 watt, maximum sensitivity .020 SOLDER TERMINALS INSULATED BASE 
watt, overall height 1-9/16". All other details same as 4 tectoted civeuite wi cider terminals mounted EXTRA SENSITIVE 


common make contact 


standard MS relay. on insulating base VERSION 





Application—1 ype MS is an ideal relay for any ee See 
application requiring a compact, highly reliable single pole Specificat " Miniature Sensitive Relay 
D. C. device, where a low cost solution is required because iduadasapaiae Type MS 

of volume usage and competitive problems. 








Contact Form 5. P. 0.1 

The fact that industry has already used over a million 
units of this design is your assurance that the R-B-M Type 
MS relay will meet your most exacting requirements. Coil Resistance Up to 10,000 ohms 


Contact Rating l amp. 32 V.D.C. non-inductive 


Contacts used in Type MS are of the cross bar type, which Nominal Sensitivity (Coil Input) 060 Watt 
offer the ultimate in reliability throughout the life of the 
relay. Molded bobbin design has eliminated coil failure 
on sensitive applications under severe climatic conditions. 


Maximum Sensitivity 040 Watt 


Approx Dimensions 1Ynu liven 1% 














Send for Descriptive Bulletin MS-1 


RBM DIVISION 


Ss) ESSEX WIRE CORPORATION, Logansport, Indiana 
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simpler, 
more accurate control 
of oxygen in 


BOILERS...FURNACES...KILNS...DIRECT-FIRED HEATERS, ETC. 


with Gold 0. Gockman=> 


complete Analysis Systems! 





Arnold O, Beckman, Inc. — leaders in developing advanced instrumentation 
for accurate oxygen control ~ now offers complete analysis systems for high- 
er combustion efficiencies at lower fuel costs. 

These field-proven systems are already being used by progressive opera- 
tors to boost profits, cut costs — and they will make the same savings for you. 
They consist of Analyzer, and Sampling System — all in one compact installa- 
tion suitable for indoor or outdoor location. For severe temperature condi- 
tions, heated cabinets can be supplied 


























The diagram (above) shows a typical analysis system for boilers. The in- 
coming sample gas is first chilled and washed . . . then passes through a 
Separator where the condensables and solids are removed. The resulting clean, 
dry sample gas flows under pressure to the Gas Selector Panel (for selecting 
“Zero,” “Span” and “Sample” gases) . . . then into the Analyzer where the 
oxygen content is quickly measured. The Analyzer may be used with any 
standard recorder or controller 

Result —new speed, simplicity and accuracy 

in controlling air-fuel ratios, with important 

savings in fuel and operating costs! 


, iI story 


ANALYZERS 
Profit Builders for Industry 
1020 Mission Street 


South Pasadena, California 
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thyratron rectifiers, one for the mo 
tor field, the other for armatur 
ervice. Kpm sensing is accomplished 
by detecting the voltage drop acro 
the respective coils. Federal Pacific 
Electric Co 50 Paris St Newark 
N. ] 

Circle No. 11 on reply card 


MOTOR DRIVE: 


\ new thyratron dc motor pow 
upply offers a speed range of 10 to | 
for 10 to 50 hp drives. ‘The armatur 
urrent can be adjusted from 100 per 
ent to 2Z00 per cent of full load 
Speed regulation is maintained within 
ibout 10 per cent. A reversing switch 
ind dynamic braking arrangement a1 


) 


ilso included. It can be operated 
three-wire remote control. The Ele 
tric Works, Dept. CLN, 17 S. Jefter 
on St., Chicago 6, III 


Circle No. 42 on reply card 


DECOMMUTATOR: 


The circuits required to demodulat 
and independently adjust gain and zer 
level, and monitor 30. telemetered 
channels within 0.5 per cent are con 
tained in a single rack. The system 
handles both fm/fm and pwm data 
he Ralph M. Parsons Co., 135 W 
Davton St., Pasadena, Calif 


Circle No. 413 on reply card 


LOAD CONTROLLER: 


he “Loadtrol’’ operat motors used 
in mechanical parallel uch as in 
powermg conveyors, pump on i 
ingle line, etc.) to provide operation 
according to load. ‘That is, if two 
motors are needed to operate a con 
veyor under maximum load, this de 





bring off-shore navigation 
to accuracies within yards 


Lorac (LOng Range ACcuracy), one of the 
newest methods of close tolerance navigation, 
is now providing pin-point positioning for ship 
at sea, well away from land or other navigational 
markers. Developed by the Seismograph Service 
Corporation, this novel system compares the 
phase relationship of three sets of radio signal 
to fix position. 

Lorac accuracy depends on the ship’s receiver 
having laboratory type dependability and pre- 
cision under extreme corrosive atmosphere and 
rough handling. Yet the servo phase resolver 
and indicator can spot position to within a 
matter of yards. 

This all-important servo indicator-package 
was designed and built by Transicoil to meet 
the specific requirements of shipboard use. 

When coupled to the electronic section of the 
receiver, this unit continuously measures the 
phases of the incoming signals by comparing 
the phase of the beat frequency with a modu- 


The Transicoil servo assembly used in the Lorac 
receiver. Components include a 400 cycle oscillator 
supply for two indicators and two servo amplifiers 
System is built on separate chassis to permit the 
indicators and amplifiers to be located in separate 
part s of the ship 


lated reference signal, and presents the position 
information on the counter-pointer type dial face. 

The Lorae system is typical of the way in 
which Transicoil can solve your servo problems 
to bring new measures of accuracy and depend- 
ability. Transicoil will develop and manufacture 
a complete “‘package”’ servo system to conform 
to your individual requirements. You pay only 


for result on a fixed fee basis for equipment 
delivered and functioning properly 
Write today for further information, outlining 


your servo problem. 


TRANSICOIL CORPORATION 
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Worcester, Montgomery County -. Pennsylvania 
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COUNTS to any length 





accurately — easily! 


Post Lineal Footage Counter 


Connected to any Post Decitron 

electronic counter, the new lineal 

footage device permits accurate length 
measurement for continuous production items. 
Each time the wheel revolves a photolight 
beam is broken and a count equal to one foot 
is registered by the counter. Varied 
“beam-hole”, or wheel size will permit 

the counting of fractional parts of a Grooved Wheel 
lineal foot if desired. Different types 

of wheels provide traction surfaces 

for wire, rope, aluminum sheets, bar 

or flat steel, paper, cloth, etc. 

Used in conjunction with a Post Decitron Knurled Wheel 
“preset” counter, (i.e. PW-2) a predetermined 

length of stock can be measured, and 


“marked” or cut-off as desired. a 


Rely on Decitron... Rubber Coated 
for Counting Measurement and Control whee! 


ST a llalaclilia mace ase Ohare. 
Dept. 552 


“POST MACHINERY CO. 


Beverly, Mass. 
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vill ut yn 
load condition 
do the job. It 
information from the 
of one of the mot 
ther when the demand 
ct pot [he controll 
to operate solenoid 
high-load conditions too. Reitz Mfg 
Co., Santa Rosa, Calif 


Circle No. 14 on reply card 


IMPROVED AMPLIFIER 


Zz progr It 
ember of 1955 that th 
of a nev crvo im plihe P] 

ympact plug-in thing with chopp 
input stage ind now, barely a f 
months later, the voltage gain is im 
proved 100 times! What com ut 
is now 25,000 higher than 
n. Servo Corp. of America 
ho Turnpike, New Hyde Park 
N.Y 

Circle No. 415 on reply card 
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STANDARD ATTENUATOR: 


Imported from Germat is a me 
idjustable attenuator that passes d 
to 30 me with attenuation from 0 to 
100 db in I-db steps. It haractet 
istic impedance is 50 ohm Federal 
lelephone & Radio Co., 100 King 
land Road, Clifton, N. | 

Circle No. 16 on reply card 


PHYRATRON CONTRO! 


Proportional contro] of 60-cycl in 
ol phase half- or full-wave ratron 
kilowatt outputs from control signal 
less than 1 milliwatt can be achie 
through 1 compact ma neti ! 
It works by shifting phas« 
00 deg with lin 

deg for proportional 
ensitivity model 

couple output 

enable act 

eparate signal sour 
trol Engineering, In 
1089, Stamford, Conn 


Circle No. 17 on reply card 





Which one of 
these Genisco 
Accelerometers 
meets your 
guidance system 
requirements? 


Model GMO A sma rugged 

instrument with relatively high 

natural frequency 2G to 
JOG ranges 


Mode! GLH 
duced. Magr 
dynami 
over MIL temperature 
2G te 30G ranges 


Model GOH Heatedoil damp 
rugged instrument 
r evere vibrational 
environments 1G to 4G 


renees pom gave 
VED YEE 


aco-- ‘ 


Mode! GLO Like Model! GLH, in 
aircratt case. Caging and dual 
output available. Ranges as 

A ‘ ie } Can supply oil 
Now in large scale production ase for low vibration 
Genisco Accelerometers are potentiometer 
type instruments. Unique design featur 
plus unusual skill in potentiometer manu 
facture, result in extremely low noise level 
Several instruments are now in use on mi 
siles in large scale produc tion 
' - Mode! GMH Smal!, heated oil 
Your parti ular re quirement will receive damping. High natural fre 
careful attention. Write today, outlining quency. Excellent performance 


in severe vibrational environ 


your needs, Genisco Incorporated ments. +-1G to + 30G ranges 


he de I il Ave nue, Los Ange le , 64 ( ilifors 
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Engineered for 


tomorrow’s needs...today... 


| 
| 
——4——— 
| 
| 
4 


if 


NORDEN-KETAY OFFERS YOU DIRECT 
ANALOG-TO-DIGITAL CONVERSION 
WITHOUT TRANSFORMATION 


Combining accuracy with compact design, 
Norden-Ketay’s ADC-1A family of Analog-To-Digital 
Converters provides you with unambiguous natural 
binary output. All digits are available nearly 
simultaneously...allowing a high reading rate and may 
be read while the shaft is in motion. Both the binary 
number and its complement are available, simultaneously 
RAPID READOUT—up to 10° per second 

PARALLEL READOUT —greatly simplifies external circuitry 
COMPACT DESIGN—engineered for minimum size and weight 
inpuT—DC or pulse voltages 

LOW ToRQUE—less than 0.2 inch ounces to turn input shaft 
LOW INERTIA—approximately 9 gram centimeters 
CLOCKWISE OR COUNTER CLOCKWISE OPERATION—either is possible 
by selection of appropriate output leads 
AVAILABLE IN ANY CAPACITY TO 19 DIGITS—other capacities 
available on special order 


For full details write for File #084 


NORDEN-KETAY (CORPORATION 


INSTRUMENT AND Systems Division 
Wiley Street, Milford, Conr 


INDICATING PRECISION PRESSURE GAGER + EMOTE INDICATING DEVICES + AHALOG DIGITAL CONVERTERS 
PRESSURE TRAMEDUCERE + ELECTROMECHARNICAL CONTROL SYSTEMS + AIRBORNE BADAR + SHIFPBOARD LINE CONTROL EQUIPMENT 


AIRCRAFT FUEL FLOW INETRUMERTATION ~ ACCELEROMETERS 
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DETECTORS 


FORCE SENSORS: 
\ many is fou 


vitche ire operated 
tected through this transducer 
of the switches can be separately ad 
justed for operation at a different load 


) 


point, or the adjustment 
tory-sealed Accidental 
transmitted through olid rod, 
cnting excessive deflection 
gage. Kleven ranges handle load 
0 to 25 |b all the way to 0 to 50,000 
lb. ‘The model shown is for compre 
ive load although tensile ensol 
irc also available W ( Dillon & 
In 14620 Keswick St Van 
Calif 
Circle No. 418 on reply card 
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PART DETECTOR 


Ope iting on prin ip] 

of modern mine detect 

pickup detects metalh 

nonmagetic) materials fa 

into chutes or contain 

ympanion power supply and o 

tor, the setup produces a de signal 
for the operation ot counters or actu- 
ators. ‘The sensing c j i ‘ 





in 15 sizes ranging from } to 3 in 
ID. Sensing rate is up to 12,000 item 
per min. Electro Products Labora 
tories, 4500 N. Ravenswood Avenuc 
Chicago 40, III 

Circle No. 19 on reply card 
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DIT DYNAMOME TER: 


The beam-type dynamometer shown 
here ties in with standard vacuu 
tube voltmeters, o illograph 
orders for indicating forces of from 
0 to 10 grams up to 0 to 50 Tb. It us: 
i linear differential transformer having 
1 full-scale output of 0.250 volts with 
1 6.3-volt 60-cps input. Schaevitz En 
gineering, P. O. Box 505, Camden } 
New Jersey 
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THERMAL SWITCH: 


A new waterproo! thermal vitch 
ibout the size of a stove match has an 
operating differential of only 1 deg 
ind a range of from minus 20 to 
1,000 deg | Contact rating | 
imp it S val Control Product 
Tin 06 Sussex St., Harrison, N. | 

Circle No. 2], on reply card 
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RUNNING TOROUEF METER: 


Accurate speed indication to within 
] per cent for rpms to 10,000 and 
torques from 4 to 320 in.-oz are f{ 
tures of the Type 300 Running Torg 
Testers and Dynamomete: Thre 
different models handle torque sour 
up to } hp. John Chatillon & Son: 
85 Cliff St.. New York 38, N. Y 
Circle No. 22 on reply card 


Here’s what 
you've been 
looking for... 


A GEAR HEAD SERVO MOTOR WITH 
LOW INERTIA...LOW BACKLASH 
AND A BIG PLUS IN FLEXIBILITY! 


Norden-Ketay engineers design quality precision 
components that meet all your requirements. By 
combining low inertia and low backlash with new 
flexibility in servo motor design, Norden-Ketay 

makes possible 

MAXIMUM GEAR RATIO VARIATIONS —from 5:1 to 10,000: 1 by 
simply changing gear clusters 

MAXIMUM BACKLASH CONTROL—backlash restricted to less 
than 0° 30’ 

MAXIMUM OUTPUT TORQUE—from 50 inch ounces to 

150 inch ounces 

EASE OF MAINTENANCE—simplified design offers quick easy 
assembly and maintenance 

CORROSION RESISTANT—built to military specifications 
(MIL E-5272A). 

AVAILABLE IN VARIOUS SIZES —11, 15, 18. Other sizes available 
on special order. 


For complete details write for data file 


NORDEN-KETAY (CORPORATION 


PRECISION COMPONENTS DIVISION: 
555 Broadway, New York 12, N. ¥ 


WESTERN DIVISION 


13210 Crenshaw Bivd., Gardena, California 
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OPPORTUNITY IN SOUTHERN CALIFORNIA 





NEW PRODUCTS 


excellent salaries for 


AA DIdGstITAL 
a 


NUMBERS MACHINES 
COMPUTER 
ENGINEERS 


who can fill key creative posts 


in long-range, non-military 


COUNTER PRINTER: 


research and design ak : 
‘ ntended as a printout for electrom 
ounters, the machin hown here 
— puts up to 10 digits on conventional 
FOR ADVANCED SENIOR ELECTRONICS adding machine paper. It contains a 
ENGINEERS olenoid operated adding machine 
BUSINESS To specialize in research and design power! supply, and relay matrix. Berke 
for advanced business computer sys lev Div. of Beckman Instruments. In 
COMPUTER SYSTEMS tems. Must have exceptional creative 2200 Wright Ave., Richmond 3, ¢ 
ability, plus knowledge of vacuum : 
tube circuit design, transistor Circle No. 23 on reply card 
circuitry. 


* *K 


SENIOR DIGITAL COMPUTER TRANSISTOR CIRCUITRY 
ENGINEERS ENGINEERS 


alil 





For projects in advanced computer For advanced research and design in 
design, development and application computer transistor circuitry 
Must have thorough knowledge of Capabilities should include ability 
digital computer logic and circuitry, to direct others in new project work 
input-output devices, programming 





OPPORTUNITY FOR ELECTRONIC OR ELECTRICAL ENGINEERS 


Background in one or more of the fields below equips you for excellent 

career positions with NCR Electronics Division 

LOGICAL DESIGN *¢ FERROELECTRICS * MAGNETIC CORES ¢ COMPUTER 7 g 

SYSTEMS ¢ TRANSISTOR CIRCUITS © INPUT-OUTPUT DEVICES DECIM AL lO BINARY 


APPLICATIONS OF PHYSICS ¢ COMPUTER SYSTEMS SPECS | hye conversion of four-digit dec imal 
DEF. OF GYSTEM REQUIREMENTS ed 

numbers to 14 straight binary digits, 
“GROUND FLOOR" OPPORTUNITY WITH UNUSUAL STABILITY vith sign, is accomplished in the neat 
Openings listed here are for the basic organization of the machine shown above by means of re 
NCR Electronics Division. If you qualify for one of them, you'll be a lay Ihe 
key member of this fast-developing division of one of America’s til 
top companies, You'll enjoy the freedom of a small, select research on-Gorrill-Brian. In Hazel St 
group — operated by engineers for engineers — as well as the exceptional Clen Cove NY 
financial stability of a large, long-established firm, A full program 
of employee benefits, too. New, modern, air-conditioned plant with Circle No. 24 on reply card 
every modern research and development facility in a conveniently 


situated Los' Angeles suburb. DIGITAL TO ANALOG: 


* For illustrated company brochure, write Director of Personnel. Up to ten-bit binary codes are put in 
analog form by a pair of new-digital-to 


inserted number is held un 
i “clear” button | » ed. Han 


inalog converter Model ) make 

15.000 readings per s¢ vhile model 

ne gage ' 1002 oper ite sat up t 10,000 input 
. » per se making corr i n its out 
put within 5 micros ACK’ Electron 
*TRADEMARK Ics Dept 204. 800 N. Pitt St., Alex- 


di 
NATIONAL CASH REGISTER COMPANY arin, Vs 
ELECTRONICS DIVISION 3348 West El Segundo Bivd., Hawthorne, Calif. Circle No. 25 on reply card 
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New General Electric high current silicon rectifier c) 


delivers 10 kilowatts at 200° C junction temperature 


The new General Electric high cur- tive industry, the unit is used to 
rent silicon rectifier delivers 10 kilo- rectify the power y for trac 
TYPICAL APPLICATION 
GENERAL ELECTRIC HIGH 
CURRENT SILICON RECTIFIER 


watts—from a much smaller, rugged, tion motors. In the electro-chemical 
and more compact package. It offers field—for use is lectrolysis and 
improved efficiency in a wide variety plating equipment. Other possible 
of applications such as jet aircraft, ipplications include computer power! Circuit 
locomotive propulsion motors, and upplies and DC central station tel 
electro-chemical equipment. phone power supply equipment D-C OUTPUT 
Exclusive General Electric Design 
Your G-E Man Has The Details RECTIFIER 

Lc $ 

I he ompact teel package is her yeee 


Sen onductolr Spe COOLING 


charac REQUIRED 


metically sealed to prevent contami! 
nation. The exclusive pipe thread 
stud desig . vik vest pos ible ication 
thermal connection to the heat sinh 


As a result: The new General Ek 


tric iicon rectifier offer 


VOLUME 
efficient and reliable method tor cor 


erting AC to DC for an ip 
tion. A full year warranty ts 


ssurance Of fine performances 


Many Possible Applications Progress /s Our Most /mportant Product 


Ihe new semiconductor device will 


prove invaluable for rectification in 
the new AC distribution systems of 


modern jet aircraft. In the locomo 


APRIL 1956 123 





For the benefit of those to whom marking pulses and 
spacing pulses are only assorted bauds —the top illustra- 
tion represents a venerable, familiar and respected tele- 
graph relay made by one of the great corporations. For a 
long time it has been common in Teletype communication 
equipment; and, as with the DC-3 airplane, its “ bugs” 
are pretty well domesticated 


Then, in a 1946 development contract, the Signal Corps 
asked for a small equivalent — hermetically sealed against 
the tropics and G. |. fingers. Ironically enough, when it 
came time to try and sell the result (Sigma Series 7 \) ) 
nobody had any way of using it unless it fitted existing 
sockets and cover clamps 


This led to the preposterous but effective arrangement 
in the second illustration 


There was only one trouble. It had been the custom 
with the predecessor relay to clean and adjust contacts at 
infrequent intervals during a long service life. Hermetic 
sealing, besides somewhat impairing contact life, makes 
service and adjustment quite impractical. (Some will 
recall previous mention of the Air Force Captain and his 
dramatic " small hole treatment.” The story was true.) So 
the verdict on the Series 7 was confused: Good in 
“tactical” situations; i. ¢., foxholes; also good in some 
commercial equipment, but n. g. in other 


A private attempt to end all such attempts — with a 
good Sigma telegraph relay once and for all led to the 
Series 72 a) In order to be sure of no distortion at 100 
word - per- minute speeds, it was made capable of accept 
able behavior at 1000 w. p.m. Not only was it made with 
a detachable cover, but the wearing parts were made 
replaceable like phonograph needles. (It was our good 
fortune that the "72" turned out, in addition, to be a 
rather decent relay on a great many other counts, which 
means business outside the telegraph field ) 


Now, of course, there may be some devil-may -care 
individuals actually designing future equipment of this 
type with octal sockets, The AB.37 Adaptor is still around, 
however, for those who must look before they leap 


SERIES 72 
HIGH SPEED 
RELAY 
































Outstanding Specifications 


Pulse Relaying 500 per second at 75% efficiency 


Life under Lood About 500 million operations 
without adjustment 
(H0 V 60 ma. OC simulated 


printer) 
Maintenance Bias, Sensitivity adjustable, 
contacts, armature easily 


replaceable 


Vibration Immunity 15 gto 500 cps even unenergized 

















be 


SIGMA INSTRUMENTS, INC., 69 Pearl Street, So. Braintree, Boston 85, Massachusetts 
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NEW PRODUCTS 


RECORDERS, 
INDICATORS, & 
ANALYZERS 


MILLIVOLTMETER: 


Small enough to be built into equip 
ment panels, the little VI'VM shown 
here responds full scale to as little as 
500 microvolts. A unique chopper am 
plifier results in accuracy to within 2 
per cent Input impedance is 5 
megohms I'rio Laboratories, Inc 
3293 Seaford Ave., Wantagh, L. I., 
N.. os 

Circle No. 26 on reply card 


OSCILLOGRAPH 


\ bandwidth of th () iS 
leading feature of a new direct-writing 
multichannel oscillograph It has 
eight channels, including a marke 
hannel, and a chart speed of from | 
to 16 cm per sec. Each galvanometer 
requires a peak input of 75 volts at 
10 ma. An available amplifier will 
provide thi output fora | It signa 





GC-M Suwe Motore sv) 
| (SUARANTEED 


TO MEET ALL MIL. 
ENVIRONMENTAL 
SPECIFICATIONS 


ts 
x 
z 
4 
4 
€ 








When reliability under extreme 
conditions is essential—specify 
G-M Servo Motors! G-M has 
long specialized in supplying 
precision servo motors to the 
Military 


especially designed to meet 


Avionic Industry, 


Wri te today 


specification 


Servo 
Motors 


Motor Generators 


or 





By specializing in 
servo motors only— not 
G-M gives 
you these advantages... 


systems 





military specifications for hu- 


midity, salt spray, tempera 
altitude. 
needs, let G-M 
the 


right characteristics to perform 


ture, vibration and 
Whatever your 
build a with 


servo motor 


to your specification 


(-M Servo Motors 


manufactured by the Components Divisic 


G-M LABORATORIES INC. 


4340 N. Knox Avenue « — 4} 


APRIL 


for G-M charts, 


onsultation 


< 
»ynchronous 


Hysteresis Motors 
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PHASE ANGLE-MINUTES 





petgy ELECTRICAL 
pert eae ome 


ROTATION 


if you work with position servos... 


HERE'S HOW TO LICK 
QUADRATURE 


with the vernistat* a.c. potentiometer 


If you work with position servos, you 
have had problems with quadrature 
rhe tighter the servo loop the more 
serious unwanted voltage due to phase 
shift can be. 

Quadrature problems are tremen 
dously simplified and more accurate 
servos are possible when you use the 
Vernistat. Although it contains a trans 


SPECIFICATIONS OF MODEL 2B 
Linearity Tolerance 

Minimum Output Voltage Increment 
Electrical Rotation 

Mechanical Overtravel (each end) 
Phase Angle (at 400 c.p.s.) 
Excitation Frequency 

Output Impedance 

Input Impedance 

Maximum Input Voltage 


former, the Vernistat has extremely low 
phase shift. Phase angle is less than 1.6 
min, at 400 « p.S. In most systems 

The Vernistat is an ax potentiom 
eter that combines high linearity and 
low output impedance. Size and mount 
ing dimensions are designed to the 
BuOrd specilication for a size 18 
synchro, 


+ 0.05% 

0.01% 

3494' 

45° approximately 

1.6 minutes, maximum 

20 to 3000 c.p.s 

less than 130 ohms 

65,000 ohms, minimum 

130 V. at 400 c.p.s. or 

20 V. at 60 c.p.s 
"TRADEMARK 


vernistat division 


PERKIN-ELMER CORPORATION 
Norwalk, Connecticut 
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NEW PRODUCTS 


into a megohm It marh 35 mm 
irbon-blacked film with a | 
Me inwhile a visual di | | 


put 


nm trace 
of the in 
appears on a grou la vith 
l-scale deflection m pe 

Acton Laboratori Inc 
Mass. 
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1 Tul 
hannel 
\ fon 


PHERMAL ANALYZER 


\ console the size of an | 
nable the rapid icterm tion I 
thermal conductivity to thin 5.0 
Btu /ft® de g F/in. It lone with hot 
ind cold surface Custom Scientifi 
Instruments, Inc., Kearny, N. ] 

Circle No. 28 on reply card 


PLOTTING BOARD: 


Used a part of an aircraft tomati 
navigation system, the plotting board 
een here takes care of a 18-by-24-in. 
plotting area with an accura if 

in, Input sensitivity is 10 volt 
at 400 cps 


in pel cr 


per in 
Speed of 1 ponse | 2 to 3 
In its application the board 
gets dead reckoning information from 
which con t latitude 
ind longitude inputs to mercator form 
Servo Corp. of America, Jericho Turn 
pike, New Hyde Park, N. ¥ 
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1 computer 


ULTRAVIOLE! 


\ full 
qualitative 


RECORDER: 


juantitat ind 


inalyzer yrovid igh 


automat 


ontinuou pect ) 
imple within 90 sé lhe instrument 
records linear transmittance or linear 


absorbance. Other featur 


resolution 


new double monoch 
ul | iriable mnin 
LUU per cent line compe 
tachment extends it 
the visible and into th 
held I he Perkin-l Im 
valk, Conn 


Circle No. 30 on reply card 




















LARGE — includes two contro! units with 200 pots, 80 
amplifiers, corresponding number of multipliers, func 
tion generators, etc., plus digital voltmeter with printed 
readout, two 4-channel recorders, timing matrix and 
special interconnecting panel. Price range, $100,000 
to $200,000 


Whether your computer needs 
are small, medium or large — 


* FLEXIBILITY 
* CONVENIENCE 





*TM for Electronic Analog Simulation 
Equipment by BERKELEY 


{ 28h. 


besceceeoes 
leveeeeeeoel 


ee 4 | 
Yes 
te <i. le] 








HERE'S WHY: 


1. FLEXtauiTy... EASE* computers are a combination of 
standardized precision computer components built around 
the most versatile centralized control receptacle yet devised 
Your EASE” computer can literally grow with the job as 
your requirements change or expand, with no loss of initial 
investment and very nominal added cost! 


2. CONVENIENCE... EE ASE* offers centralized pushbutton con 
trol of problem solution, coefficient setting, and monitoring, 
plus the -ultra-convenient EASE* patchboard — eliminates 
tedious manual pot setting, speeds set-up and solution time! 


3. ACCURACY... chopper-stabilized de amplifiers, 0.1%, com 
puting resistors and capacitors are standard, for high accu 
racy and stability. Servo-set coefficient pots can be set and 
adjusted under load to 0.01% accuracy. (If lower accuracy is 
permissible for your work, we can supply lower-cost units 


Berkeley 





* ACCURACY 


MEDIUM — inciudes control unit with 10% 
amplifiers, 14 electronic multipliers, fur 

erator set-up unit with 1 pushbutton and 5 manual 
set generators, 2 servo multipliers, preset timer 
control unit, power supplies. Price range, $3 

to $65,000 


lissesss2223) 


ica 








SMALL - ir 


amplifiers 2 ele 


mit with 50 pots, 30 
multipliers 10 initial 
condition voltage ree power supplies. Price 
range, $12,000 to $25,006 


Want the most for your computer dollar? Investi- 
gate EASE* now! Our consulting service will sup- 
ply sample solutions to your typical computer 
problems, recommend the type of EASE’ computer 
best suited to your work. For complete information 
please address Dept. 4 





BECKMAN INSTRUMENTS INC 
2200 Wright Avenue * Richmond 3, Calif. 
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AFFILIATE OF 
GENERAL CERAMICS 


agneli C CORPORATION 
mplifiers -Inc 


—announces its new__ 


| VARIABLE 
| SPEED DRIVE 


& = 


MAGNE-SPEE 


SIZE |— 
1/4, 1/3 and 1/2 HP 


Stepless, instant 
starting, compact, 
50:1 speed range, 
good regulation with- 
out tachometer, long 





life, virtually mainte- 

nance free service, low cost, 
fast response, reversibility, dynamic brake, local 
or remote control. Write for Bulletin SS80-5-55. 


Other (Ma) Products and Services 


Magnetic Servo Amplifiers 

Transi-Mag * Amplitiers * Trade 
Analog Computors Nome 
Photoelectric Controis 

DC and AC Regulated Power Supplies 


Application engineering and conversion of tool ma- 


chines and production processes to automatic control. 


¢ Bie, 


Magnetic Ampliftiers-+inc -; ¢ 
Tel. CYpress 2.6610 * 632 TINTON AVE., NEW YORK 55, N. Y. : di 


CONTROL ENGINEERING 


| NEW PRODUCTS 


VALVES IN 
CONTROL 


TIMER & SOLENOID VALVE: 


New solenoid valves include a timer 
for operation according to cither cyclic 
patterns or delays. By varying the on 
ind off portions of the cycle, a propor 
tional effect can be obtained. ‘The 
valves operate on 115 vac 60 cps, and 
fit 2 in. and larger pipe Automati 
Control Corp., 2390 Winewood, Ann 
Arbor, Mich 
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SERVO SOLENOID VALVES: 


(he closed-center position of a new 
solenoid valve makes it particularly 


suitable for relay ser Che valves 





Now 
available 
for 


gveneral 


USC i... 


The “% watt resistor so in demand 
it’s been restricted to critical 


military applications OUTSTANDING FEATURES 


A fixed composition carbon resistor, the 
TYPE BIR combines superior electrical 


and mechanical characteristics in a size 


© 30% lower in weight and 25% smaller 
in diameter than IRC's famous TYPE BTS 


that permits important space and weight e Wide range of resistance values—8?2 
savings. More than 700,000,000 have ohms to 22 megohms 


already been used in proximity fuzes, 
¢ Excellent protection against humidity 


guided missiles, and other critical mili- 
and temperature effecis 


tary applications. Use BIR’s, and you 
can be sure of the same quality—the © Good temperature, frequency, and load 
same characteristics which enable the life characteristics 

TYPE BTR to exceed MIL standards 

for this type of resistor. Send the coupon 


today for full data. 


Voltmeter Multipliers « Boron & INTERNATIONAL RESISTANCE CO 
Deposited Carbon Precistors « Dept. 181, 401 N. Broad S1., Philadelphia 8, Pa 
insulated Composition Resistors « \ 

; \ mn Conada: International Resistance Co.. Utd 
Power Resistors « Controls and \ —Aabeemesagy yeaa , 
Potentiometers + Low Wattage — 
Wire Wounds+Germanium Diodes 


Send Technical Bulletin with complete data or 


TYPE BIR Resistor 
Name 


Precision Wire Wounds « Ultra HF Company 


and Hi-Voltage Resistors * Seleni- ' 
um Rectifiers « insulated Chokes \ \ \ | Adidcon 
© Hermetic Sealing Termineis 


City State 
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\ . Jewel-hearing \— 
‘LO-TORK kaa 


lief, thermal overloa 
erated shut-off, and chec] i 
0 to 4,500 psi and have constant gain 
characteristics. ‘Ih t] 
flow remain nstant 
ACTUAL SIZE load variation lh 
turn fluid temperat 
deg | Vickers In 
Mich 


Circle No. 32 on reply card 


0.01 ounce-inches J i 


POTENTIOMETER 


Jewel bearings for lowest torque, and superior seal against 
surroundings that contain abrasive dust, make this new, Model LLT % 
Waters pot the ideal unit for high-reliability service where minimum 
torque is essential. With torque low enough to permit actuation by a 
Bourdon tube or a bimetallic thermal element, this potentiometer 
offers new advantages in sensitive-instrument applications as well 


as in computer, servo, and selsyn uses. Check your needs with these PHREE-WAY VALVI 
: P ¢ A i i 
specifications: 


Maximum torque: 0.01 ounce-inch \ new lin - 
Dissipation: one watt at 80° Centigrade Se ae “ae pd ot Abe 
Resistances: 100 ohms to 100,000 ohms rs rant an ome 5 
Weight: Ya ounce ae The Guin 6 

Outside diameter: 0.885 inch Body depth: % inch handle up to 6 gal p. 

Linearity: 0.5% standard; on special order, 0.25% ther 4 or 2 in. tub 

Winding angle: 354° standard; on special order, 360 t is said, the averas 

Ganging: to six decks with no increase in diameter. mly 3.2 gpm. Th 


ore | 


‘ 


i i unit 
vith 4-in. port 
lirectional Sol ! 

Write for data sheets on jewel-bearing and ball-bearing pre- d Aircraft Products Ce 
cision wire-wound potentiometers. Church Road, Bridgeport, Pa 


Where the features of a ball-bearing potentiometer are desir- 
able, specify Waters Model LT % “Lo-Tork”’ potentiometer. 


Do you ever need pots that are “just a bit different’? Circle No. SZ on reply card 

Maybe we can help you — by modifying a standard . 

Waters design or by taking a bold, new approach. Tell RESTRICTED PORT VALVES: 
us your need and we'll tell you what we can do. By restricting the | of its Ratogat 


{ 
ves, Fischer & Port nake | 


. ble a wider variet ) y 
WATER MANUFACTURING, inc. These new sestrict ay | 
Wayland, Massachusett idapted to all existing R é il 
Mail address P.O. Box 368 Ibury, Ma Fische ’ 


now in service r (F Porter Co 
I ] thore , 
APPLICATION ENGINEERING OFFICES IN PRINCIPAL CITIES 624 Jacksonville Road, Hatbo Pa 
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HOW VARITROL AUTOMATIC SPEED CONTROL 


lag «=O MANUAL WAY saves 


mocess vane AUTOMATIC WAY 


ash NUAL) 
wtehton 4 i » No observation or adjustment required 





~ i" PROCESS VARIABLE 
PROCESS SPEED CONTROL 
MEASUREMENT | (AUTOMATIC) 
AND SIGNAL ! 





VARITROL 





Human Error is Eliminated with 


U. S. VARIDRIVE 


MOTORS WITH VARI TROL 








Now, by controlling speed with Varitrol as a com- 

ponent of the U.S. Varidrive motor, speeds can be 

automatically changed in response to a signal without 

human attention. Varitrol pneumatic control regulates 

the speed of Varidrives in response to a signal from 

such variables as temperature, humidity, pressure, YVARITROL 7 
speed, liquid level, weight and tension. Varitrol auto Pneumatic Control 
matic control of Varidrives offers an opportunity for 

improved quality of product, greater uniformity and 

more efficiency in plant flow handling. A profusely 

illustrated multi-color booklet explaining in detail the 

construction and operation of Varitrol automatic con- 


trol is available. Write today for your copy 


U | Pee | Ratings V4 te 60 H.P. 


r U. $. ELECTRICAL MOTORS, INC CEN-4 
P. O. Box 2058, Los Angeles 54, Colif., or /. ford, Conn. — 
[} Send Varitrol Automation Booklet No. 1882 ad @& 
() Send U. 5. Varidrive Booklet No. 1797 ee ¢ MAIL COUPON NOW 
NAME bn 
COMPANY ‘ss ™ 
ADDRESS 


ZONE STATE 








miniature 


ENCAPSULATED 


pulse transformers 


custom-wound for your needs 


Type MILX... for extreme 


environmental conditions 


Type M ... for subminiature 
and transistor circuits 


| 
| 























| 


Technitrol is equipped to design and produce pulse 
transformers to meet your particular requirements. 
Simply let us know your performance specifications. 
Technitrol’s staff of engineers will test sample trans- 
formers under actual circuit conditions —assuring proper 
performance. All charges for this service are indicded 
our low sample quantity price. 


Technitrol also makes a full line of lumped and dis- 
tributed parameter Delay Lines. You may p ste from a 
variety of mountings, or again, our engineers will aid you 
in developing special designs. 


for additional information, 
write for Bulletin C166. 


: _ 
’ 


» eae 


y engineering company 
vm * 
2751 North.Fourth Street* Philadelphia 33, Pennsylvania 
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NEW PRODUCTS 


POWER 
SOURCES 


0.1 MICRON VACUUM PUMP 
\ new va 


in} thce t pe vrite tah 
reach its 0.5 micron pressure 
limit. Working against n id. it d 
liver (1) liter per i It iced 

0. Central Scientit Ch 
wo, [ll 


nn pum tt ) 
th 


min to 
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LEAKPROOF 
I dard-t 


noved by a new ft 
ot up to 

in temp é 
-hp d It's mad 
fron 
( hempum] 


Mermaid Lan Phila 


PUMP 
) hy inde liquid 


igainst head 
pump operate 
$50 deg Fk with a 
inicty of materials ranging 
ist Iron to stank te 
Corp 1300 | 
delphia 18, Pa 
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na 


1600-CPS MOTORS 


A new series of 16! 
tachometer and 4 
idded to the maker 
American Electroni 

\W ashington Blvd Li 
Calif 
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PILAMEN' 
Regulated to 


better, a new 
ul yp lic itters output 


SUPPLIES 
vithin 


group otf | 





\ 
_ 


me 


Vapor-Tension Sensing System 


Recommended 


Bulb Ran 
4 ~— Working Range 


20-90° F The new BS&B Type 1460 Tempe rature 
Controller or Pilot is equipped with an 

60-130° F. vapor-tension thermal system to actuate 

90-220° F. the power unit in the pilot 

175-335° F. 


Except for this actuating mechanism and the 
temperature indicator which is an integral part 
of it, the 1460 Controller has all of the excellent 
features offered in the well-known BS&B 
Vapor-Tension Sensing System Type 1440 Control Pilot—including the %4 
Choice of Temperature Ranges supply medium reducing regulator and 


two ‘essure gauges 
Built-In Temperature Indicator pre re gauge 


Simple Adjustment Permits Either This unit is especially suited for trans! 
100% Throttling Action—Or “On- temperature variations to direct flow-con 
Off” Snap Action Within A of fuel, or of heating or cooling med 
Wide Limiting Range. through diaphragm operated 
Parts Interchangeability With BS&B 

1440 And 1450 Pilots Reduces 


Maintenance Cost And Parts 
Inventory 


valve 


Ask your BS&B 
Representative for 


or write to 


) 
oe 


ne 
* Campus of proouc? net 


LACK, IVALLS & RYSON,INC. 
Controls Division, Dept. 4-£54 
7500 East 12th Street Kansas City 26, Missouri 





| I NEW PRODUCTS 
COMAR ce 


( 


under $35 Kemlite Lab 
] 


1813 N. Ashland Avenue, Chicago 2 
Il] 
© L g ye © : D be Circle No. 38 on reply card 


LAMINATED TYPES 


AC only. Available in four types, for 
constant and intermittent duty, Volt- 
ages, 6 to 230 v. AC. Maximum stroke, 
%" to %", depending on type. Maxi- 
mum pull, continuous duty, 2 td 8 Ibs., 
depending on length of stroke. Maxi- 
mum pull, intermittent duty, 3% to 20 Small enough to fit un 
lbs., depending on length of stroke. 1 highly portable 4 
Supplied with lugs or leads. ipply for testing air « 
rh from tanda 1] 
Its 10-va output is available at 


ther 360, 400, 440 cps., 
SOLID FRAME TYPES ides cilia tee. tnteee 
For AC or DC operation. Suitable for Avien, In - Nort 
general industrial and commercial ap- Woodside 77, N. Y 
plications. Length of stroke up to 1”. Circle No. 39 on reply card 
Range of pull: for AC continuous duty, 
8 oz. fo 12 oz.; for AC intermittent duty HV POWER SUPPLIES 
2 to 3 Ibs.; for DC continuous duty 12 An offering of 16.000 vde from a 1.5 
io 5 |bs., for DC intermittent duty 4 vde input is the feat 
to 7 |bs.; depending on voltage and ower supply fo thod 


I 


stroke. trared ipphi ition It 


400-CPS POWER SUPPLY 


tand 20.000 } 
rature to 100 de ( 
MINIATURE TYPE gy cm: 19 E. 4 


AC or DC operation. Compact size, ; 
Circle No. 40 on reply card 


I” x %”" x %". Ideal for use where 
space is limited. Length of stroke 
up to 5/32”, Range of pull: for 
AC intermittent duty 10 to 20 ozs.; 
for DC continuous duty 1 to 4 ozs.; 
for DC intermittent duty 3 to 17 ozs.; 
depending on voltage and stroke. 


If you use solenoids, relays or niin 


switches, it will pay you to contact FR 

Comar. Our complete engineering —a 
* 

5 

Cad 


and manufacturing facilities will 


save you time and money, Send 4 VOLTAGE STANDARD 
for details, no obligation. \ illy | 


Vict 
to 13 
ult in 
per ent. A | 
to-1 35-volt 1 


' 
Cd aS a repiace nent I 


Omar ‘ i < battery packs and bridg 
: uits and strain gag 
ELECTRIC COMPANY . hermetically seal Dp 
3349 ADDISON STREET Pie ibout 3 by 34 by 44. 
CHICAGO 18, ILLINOIS 2 truments &* Controls Ce 
135 St., Gardena, Calif 


RELAYS « SOLENOIDS « COILS « TRANSFORMERS + SWITCHES + HERMETIC SEALING Circle No. 4] on reply card 
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ready 
oating 


COMPLETE DEVICES AND SYSTEMS 


Critical wide angle photographic lenses 
(11 elements) 


Binoculars 

Large 7x50 for marine use 

Small 6x20 for sportsmen 

Large 6x42 wide angle for 

aircraft and marine use 

Drift Sights 
Sextants 

Periscopic * Hand held + Photoelectric 
Periscopes used on anti-aircraft Skysweepers 
Telescopes used in radar bombing 

and navigation systems 
Astrocompasses « Photoelectric Trackers 
Sky Compasses 


COMPONENTS 


Lenses, windows and mirrors, diameters 4% inch 
to 3 feet, flatness 1/10 wavelength parallelism 
fractions of a second 


Aspherical objectives and mirrors 

Collimating objectives 

Cones and rods for ranging devices 

Hyper- and hypo-hemispherical sighting domes 


Prisms: Roof, Retro, Porro, Dove, Amici, Leman, 
Abbe, penta, rhomb, etc., of high resolution 
and minimal pyramidal and angular errors 


Annular prismatic scales * Special reticles 


“No unit can be seen simultaneously 
in its entirety.” 


Euclid; Ist. theorem of optics 
@WjOTG CVeS 


custom optics 
In quantity 


It doubtless took ages to develop the Dragonfly’s many 
faceted eye. Today, at Kollsman, highly complex optical 
systems such as photoelectric trackers, periscopic sextants, 
telescopes for radar bombing systems, and others, are not 


only designed expeditiously, but are produced in quantity 


Kollsman represents something new in optics. This is be 
cause the Kollsman Optical Department, established in 
1940, grew up within a company devoted for over 28 years 
to designing and producing some of the most complex 
instruments and controls in the aviation industry, Aviation 
moves as fast as tomorrow’s guided missile. It is this quality 
of up-to-dateness you will find in our entire optical 
operation 


Here we have the finest talents and tools to be found any 
where for the solution of your optical problems. Consult us 


without obligation on any or all phases of 


DESIGNING + DEVELOPING + TESTING + PRODUCING MODERN OPTICS 


‘ WRITE for brochure 
076 keyes 





kollsman ee 


60-08 45th AVE., ELMHURST, NEW YORK «+ GLENDALE, CALIFORNIA 


sussipiany of SZavidard con Prooucrs co. ine 
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headquarters for 
digital magnetic 
and perforated 
tape handlers 


ae 

Model 902 Magnetic Tape Handler treats the tape 
gently while providing a start/stop time of 5-milli 
seconds. Fully reversible without stopping 


» 


Model $03 Perforated Tape 
Reader provides a 5 millisecond 
start time and stops on the 
character at 300 characters per 
second and on the character 
following a stop code at 600 
characters per second 


The Potter Digital Magnetic Head 
eliminates ‘digit drop-outs’ due 
to oxide collection. Phosphor 
bronze head mount provides 
close tolerances insuring com- 
plete interchangeability of tape 
from one machine to another 


ww 


Whether your data processing requirements cal! 
for perforated or magnetic tape handling, Potter 
offers a complete line of high-speed equipment to 
meet your needs .. . for either intermittent or 
continuous playback with speeds of up to 60 inches 
per second and start/stop times of less than 
5-milliseconds! 


Servo-controlied tape drives permit fast starts and 
stops without tearing or spilling tapes. At 30 
inches/second speed, less than %" of tape is 
consumed in a start/stop cycle! 


For complete specifications on Perforated Tape 
Readers, Magnetic Tape Handlers and Digital Mag- 
netic Recording and Playback Heads, write TODAY: 


POTTER INSTRUMENT CO., INC. 
115 Cutter Mill Read 
Great Neck, New York 
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NEW PRODUCTS 


PORTABLE POWER SUPPLY 


A 0-to-500-vde output t 
the offering of a portab 
ized power supply It 
300 and contains a h 

feature Lambda [lect 
11-1] 131 St., College Pt N. )} 


Circle No. 42 on reply card 


16 NEW SUPPLIES 


r new | 
out all the 


currently im 


) 


lated to within 
) | iiip K | 


5 Santord A 


Circle No. 43 on reply card 


PIWO-INPUT REGULATOR 


\ new regulator accep 

30 volts by a singk 

mtrolling the output 

ent, and delivering 6 k 

nclude i fail-safe 
guard agaist overvolt 
Electronic Measurement 
St., Eatontown, N. | 

Circle No. 44 on reply card 





GUARDIAN 


Complete Control Assemblies 


; vA 
C7u + 
SOLENOID BANK 

ASSEMBLY 


STOP 


these fellows 
in their 
tracks! 


oad ; SPECIAL “COMPUTIT" ASSEMBLY 


Units shown here typify the wide range of Complet« 
Control Assemblies designed, engineered and 
produced by GUARDIAN. With absolutely 
dependable controls such as these, GUARDIAN 
engineers have solved seemingly insurmountable 
problems for both the military and commercial 

PUSH-BUTTON industry. 

SWITCH ASSEMBLY Let GUARDIAN'’S 25 years of engineering experi 
ence help you save money, conserve space and 
prevent costly rejects. Whether you require relay 
banks, solenoid banks, control box testers, 
‘“‘Computit’’ assemblies, push-button switch 
systems—or an entirely different ‘‘package’’ control 
— Guardian has complete facilities to design and 
produce them. 


a << N\u, 
' “ Kf 
RELAY “ 7 
PANEL Xe SS. & 


ASSEMBLY oy a | a ~ 


IW DELIVERY 


TOP INEXPERIENC 


GUARDIAN for the ultimate in open, enclosed, sealed and hermetical! 


GUARDIAN WW ELECTRIC 


1623-D W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LINE OF CONTROLS SERVING AMERICAN INDUSTRY 
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NEW PRODUCTS 


RELAYS AND 
SWITCHES 


1. MAVY ihe Be, 


SERVO = MOTOR 
MARK 14 MOD? 
wT. 45 01 


ee 2 


~~ ~~ - = 
to the DIEHL 
SERVO MOTOR FAMILY 


a ~, 


MODEL 410" 
ACROUIT BREAKER 
AOR I20V 607) 
‘TIME DEL AYA 


The Diehl Servo Motor Family is expanding. Rapidly, too—because it’s 
twins this time! 

They’re not identical twins, to be sure—one’s a SIZE 11, the other 
SIZE 15, 400 cycle a-c induction servo motor—but both are built to 
exacting specifications, and both have all the fine family traits that mark 
all the Diehl Servo Motors ranging in power output up to 1 HP. Fast 
response ... more power output... long life—yes, they have all the 
dependable qualities you look for in the servo motors you specify for 
automatic control systems. 


CIRCUIT BREAKER: 


Miniaturization ha expan 

he circuit break 
here handles up to 10 amps at 
quencies from 60 to 1,000 cy It 
little more than a 
ind withstands all sorts of 
ment As seen, thi vit 
it a role as a main power ¢ 
Airpax Products Co ‘Middk 
Baltimore 20, Md 

Circle No. 45 on reply card 


main, tiny 


The SIZE 11, as either a six or four pole motor, has a locked torque (hot) 
of 0.63 ounce-inches minimum. The SIZE 15 motor, with either eight or 
four pole winding, has a locked torque (hot) of 1.45 ounce-inches minimum. 
Check the other specifications below—you'll see how perfectly these new 
Dichl 400-cycle motors fit into your automatic control picture today. 


upies 


COREE EERE EERO EEE E EEE EEE SPECIFICATIONS eee eeeeeeeeeeeee 
' Dish Number — . ; 





BISM1-1 BIIMI-1 Remarks 





Government Designation Mark 7 Mod 0 


Frame Size 
Number of Phases 


Control Phase Volts 
Frequency (c.p.s.) 


Power Input at Stall 
Impedance at Stall 
Torque at Stall 

No Load Speed 
Number of Poles 
Duty ot Stall 
Moment of Inertia 
Weight 


TEREST OOTOOCTOCCCC CLC 


sececceeccceccsscecseeeess Other available component 
A.C. SERVOMOTORS «+ A.C. SERVOMOTORS WITH A.C. TACHOMETERS 


Ch4-56 


CONTROL 


Reference Phase Volts 


Current Input at Stall 


15 
2 
115 
57" 
15 
400 
0.110 


Continuous 
3.3 
7.3 





Mark 14 Mod 2 
iD 


2 
115 
57’ 
115 
400 
0.053 


Continuous 
1,07 
4.5 








Parallel connection 
Series connection 


Amps. per phase 
Watts per phase 
Ohms per phase 
Oz.-in, minimum 
RPM minimum 


Gm/cm ? average 
Ounces average 


A.C. SERVOMOTORS WITH D.C. TACHOMETERS 
A.C. AND D.C, TACHOMETERS + D.C. SERVO SETS + RESOLVERS 


DIEHL MANUF 


Finderne 


ENGINEERING 


HE ie. ae 


Plant SOMERVILLE 


ACTURING COMPANY 


RIN 


NJ 


REED RELAY: 


Kither two or three reed model 
frequency sensitive relay are now a 


I 


Vali 


able for the detection of frequencies 


i 





between 100 to 500 cps. Coil imp 

| un from 5 to 10 k ohms. It 
0.4 oz and is offered for r 

oring or control fe 

vire links | reeds ar 

> volts with a 7.k-ohm coil 

ctronics Corp., 305 Dallas St., 

Albuquerque, N. M 
Circle No. 46 on reply card 


HEAVY-CURRENT RELAY: 
\ new miniature telephone-type relay 


ites in 10 ms, breaking up to 5 
amps at 125 vac. Li than 100 
milliwats operates the nap-action con 
tact Coil resistance is 6,000 ohm 

It can be had with hermeti caling 
Kurman Electric Co., Inc., 35-18 37th 
St. i. £, fo... 


Circle No. 47 on reply card 


DELAY RELAYS: 
\ new serics of thermal time delay re- 
lays in dust-tight shells is available 
wit ither normally open or closed 
itacts and heaters rated up to 230 
It len delavs range from 2 to 180 
(3-V Controls Inc., 25 Hollywood 
Plaza, Kast Orange, N 
Circle No. 48 on reply card 


CONTROL 
COMPONENTS 


POTTING KIT: 


Intended for use by electron eng) 


interested in exploring the feasi 


lity of potting circuit 1 kit now 
lable has clements setting at room 
perature, flexible molding mat 
dip insulating plastic, and heat 
d material. Plastroni P.O. Box 
16, Winter Hill 45, Ma 


Circle No. 49 on reply card 


PHOTOELECTRIC PICKUP: 
By actuating a time delay a 
1 normal relay, a modified ph 





GISHOLT 


always ‘‘ON TARGET’”’... 


automatically with 


AUTOMATION 
GAGING 


Quantity, quality or both . whatever ir primary ob- 
jective may be, Pratt & Whitney Automation Gaging in- 
process checking plus “feed-back” control for automatic 
machine adjustment can help you hit your production 
targets. Here are: Greater Accuracy than ever before possible, 
Increased Output, because there are no production shut- 
downs to gage parts and re-adjust the machine; and New 
Economies through fewer reject 

Is Automation Gaging practical and proved? This Gisholt 
Automatic with P & W Gayging produces a finished precision 
rotor for fractional horsepower motor every 10 seconds. 
Machine operation with self-correction, size control, inspec- 
tion of finished parts and sorting are all completely automatic 

Don’t wait and wonder about automation. GET THE 
FACTS. Write to P & W today outlining your machining- 
gaging problems and let Pratt & Whitney Specialists show 
you how to hit your production target . automatically! 


PRATT & WHITNEY COMPANY 


8 Charter Oak Boulevard, West Hartford’, Connecticut 


Direct Factory Representatives in Principal Cities 
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yale llp occul it eta 
runcthion \utotre 
AC, Danville, II! 


W. W. Crissinger Circle No 50 om reply card 
Chief Field Engineer 


Galion, Ohio SEALED SWITCH: 


Sia 


unting 


epepeeeageyt 


P. Van Valkenburgh 

Field Engineer 

Northeast 
John Billis igh. ¢ )peratin 
— Engineer life a million evcles, 
Mideast : 

| np electra Mt 
ia) “4 rf i? 
Uriah L. Allen, Jr. Broadwa Kansa ! \l 


Field Engineer Circle No. §] on reply 
Washington, D. C. 


Ned B. Earley 
Field Engineer 


Central 


Clayton Kielich 
Field Engineer 
Midwest 


H. E. Peters 
Field Engineer 


Pacific Coast SILIC( YN DI )I YES 
Intended for high frequency ipplica 
tions, a new r| | 
otter 


THESE MEN Ma 


Circle No. §2 on reply card 


TO WORK? COIL FORM: 


\ threaded ferrite 

rate inductance value ly 
part No 27S1016E] i! 
Company. Their job is to serve your design groups as engi- vound with 250 turns of N 
yields 300 to 800 microhenries 


ke. Ferroxcubs Corp. of Am 
how to use relays as control components. Marshall St.. North Adams. Ma 


Circle No. §3 on reply card 


Meet the Industrial Field Engineering Staff of North Electric 


neering consultants (without fee) in determining whether and 


This exclusive North engineering service pays off for you, and 
for North, because of the many cases in which they can aid SLIDE RULES: 


in the development of simplified dependable systems . . . with Ihe maker of a n 
ivs that its vellov 
more easily than 


the key centers of industry. One of them can be at your door- white Phe ruil 


all relay controls. These competent engineers are based near 


: ; ; ok oe 
step promptly if you will write, wire or call the Galion office even decimal pla 


10-in. models, and I t 
ises. Pickett & Ickel, In SW 
bash Ave., Chicago, Ill 


NORTH RELAYS Ee eh a 


LOW-COST CYLINDERS 


~ Galion 22-4201 ... regarding 


as components or control assemblies iain min Gees C88 & 
( ) ! 0 L; ry 
“BUILDING BRAINS IS OUR BUSINESS’ new line of 14+t — . 

They handle either 250-psi air or 500 


INDUSTRIAL DIVISION ps! water. A nylon bearim t 
; 


in metal 0) metal 


NORTH ELECTRIC COMPANY Pali teres whack with 


mount Alkon Products ¢ 
529 S. Market Galion, Ohio Central Ave.. Hawthorne. N. | 


Circle No. §§ on reply card 
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Notable 


Achievem ents 


at JL 


FIRST TO FLY FM-FM TELEMETERING...From JPL’s 3-band FM 

FM telemetering System flown in 1944, to its present extremely versatile 

compact, transistorized 18-band system, telemetering has been an impor 

tant factor in the successful development of JPL guided missiles 
Significant firsts in this field are 

In 1948, a 10-band FM-FM System with 15 measurements 

In 1953, an 18-band FM-FM System with 36 measurements 

In 1954, a 14-band FM-FM System with all audio circuits transistorized 


Pioneers in Telemetering Development 


JPL JOB OPPORTUNITIES ARE { 
WAITING FOR YOU TODAY! 


in these fields 
ELECTRONICS 
ELECTRONIC RESEARCH 
SYSTEMS ANALYSIS 
ELECTRO-MECHANICAL 
INSTRUMENTATION 
INERTIAL GUIDANCE 
TELEMETERING 
PHYSICS 
PACKAGING 
MECHANICAL ENGINEERING 
AERONAUTICAL ENGINEERING 





rhe success of the Corporal and other JPL guided missile programs i 
dependent on constantly improved instrumentation techniques, Development 
a major portion of the Telemetering Group activity, is directed toward impro. 
ing system flexibility, accuracy and reliability. This activity is tailored to bot! 
immediate and long range instrumentation requirements of the many Labor 
tory missile programs 


The use of transistors and modern magnetic elements, together with pr 
gressive packaging techniques developed from intensive JPL studies, result | 
greatly improved reliability in missile-borne and ground-recording equipment 
In addition, advanced communication studies are being utilized in the desig 
of advanced telemetering equipment to the constant improvement of this art 
An example of applied theory, is the use of tracking filter techniques in tl 
communication link—resulting in a significant improvement in telemeterin 


data accuracy 


The size and character of the “Lab” fosters a personal contact and clo 
relationship between data-user and telemetering engineer. This close tel: 
metering support is a basic reason for the development of better ways of mea 
uring drag for the aerodynamicist, motor pressures for the propulsion expert 
stresses for the missile designer and of monitoring complex electronic circuit 
which are the responsibility of the guidance specialist. This close cooperatio: 
has become a prime factor in the growth of the laboratory into one of the most 
successful guided missile development centers in the world 

You are invited to join this progressive group of scientist 
Write us today 


ind engineer 








CALTECH JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 


APRIL 


1956 14] 





THE PROBLEM: 


THE SOLUTION: 


GREIBACH MICROAMMETER MODEL 500 


blows 


»».-Can’t impair its accuracy 


Test readings from outlying control points are vital 
to a leading processing company. Servicemen make frequent field 
trips, by truck, to obtain necessary information. But, even short rides 
over rough, unpaved roads caused conventional meters to lose ac- 
curacy and become damaged . . . often making it impossible to 
collect reliable information. Maintenance costs were staggering 


the meters spent more time in repair than in service. 


Greibach engineers answered this and hundreds of 
similar problems by developing an extra tough line of meters with a 
unique Bifilar Suspension so rugged it withstands 500 g’s shock 
without damage or loss of accuracy... 
tion in normal use. Greibach meters are electrically rugged tool 
Accidental overloads to 100,000% can’t harm them. . 
sitivities to one microampere and accuracy better than 0.25% are 


never needs recalibra- 
. full scale sen- 


easily attained . . . 0.1% increments are readable without tapping. 
The light beam pointer can be viewed from any angle accu- 
rately .. . parallax problems are ended! Greibach meters are manv- 
factured in a wide range of sizes and types — for current, voltage, 
resistance measurements in standard, thermocouple, edgewise panel 
and differential units. Their extremely dependable operation is perfect 


for systems’ work. 
Full Greibach meter performance is given in Bulletin # 602. Send for your copy today! 


Gulton Industries’ Research-on-the- Production- Line makes possible instant tailoring of 
bosic materials, instruments or complete systems to fill difficult or unusual requirements 


GREI BACH corrorarion 


evevieted «'% GULTON INDUGTRIES, INC. Metucnen. New Jersey 
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CATON MOUSTEES wee 


NEW PRODUCTS 


INDICATOR LIGHTS 


I'wo small indicator light 
other in. in diam, ar 
for crowded panel Het! 


Inc., Sharon Hill, Pa 
Circle No. 56 on reply card 


SLIP-RING ASSEMBLIES: 


\ new line of slip-ring assembhies f 
levels in the mi 


} 


tur noise ) 
range Their sizes range from 0.060 
to 12 in. OD and they car 
ircuits in either pancake o1 
tyles with matching brush assembli¢ 
Ihe rings are molded in epoxy resin 
Kel-F, and Plaskon glass-rein 
forced resin. Airflyte Electronics Co 
Ave. A, Bayonne, N. | 


up to | 
drum 


1 lon 


Circle No. §7 on reply card 


SUPER-LIFE CELL: 


\ new battery 1 
veight and size advantages of 
zinc cell with the long-lif haracte 
sti of a_ nickel-cadmium up! 
cell can deliver 6 amp hr in 


aid to com 


Ihe new 
a 5-oz, 5-cu-in. case al 
Yardney Electric Corp., 44 Leonard 
St., N. Y. 13, N. ¥ 


| volt 


Circle No. §8 on reply card 


SILICON TRANSISTORS: 
Germanium Products (¢ claims 
to be first with these volume-produced 
silicon transistors. ‘Iwo lines are of 
handling emitter rating 
other The tran 


phot iIDOVE 


fered, one 
of 2 volts, the 
istor shown in the 
said to have characteristi nparab! 


o the tubs Kight model ire I 

















ft, . 
fly 


Eléctro-mechanical Engineers, ‘Sclentists: : 


IN-TODAY’S ELECTRONIC ACHIEVEMENTS 
LIE TOMORROW'S CAREERS 


You work in 
components at Al 


and control systems and 
PONETICS today is excellent ass 
Problems like 


weight reduction and sub-miniaturization in electro-mechan 


advan ed guidance 


uranee 


ol long range op portunity he at resistance 


ical devices for missiles and manned aircraft have a direct 


applic ation to non-military industry 
The work at AUTONETICS is challenging 
Nearly 100 projects 


and prof bon 


ally re warding are now unde rway 


of which have not yet been printed in journals or texts. This 


diversity means 


best for your particular talent, training and desir 
Choice openings for: 
Computer Specialists 
Electronic Component Evaluators 
Flight Control Systems Engineers 
Computer Application Engineers 


Inertial Instrument Development Engineers 


Contact: 


good opportunity to find the field that is 


Electro-Mechanical Designers 
Instrumentation Engineers 
Electronics Research Specialists 


Automatic Controls Engineers 


In developing ind designin pres nical 


equipment, you will use the fine ‘ tal ’ com 


ind other advanced research and t ‘ it 


AL TONETICS 
In addition to 
NETICS 


colle agucs 


puters 


all the phy i ‘ ’ oe AL TO 


you will welcome the profs il attit your 


here rmed yout 


You can expect 0 ‘ io 


personal progress, have your ed to 


interested Al LONE TICS eloor 
All replies will be held i est CO 


If you are 


qqQuiry 


Environmental Test Engineers 

Fire Control Systems Engineers 
Computer Programmers 
Electronic Engineering Writers 


Preliminary Analysis and Design Engineers 


Mr. D. S. Grant, Engineering Personnel Office 


Autonetics, Dept. 991-20 Con, 12214 Lakewood Bivd., Downey, Calif 


Autonetics Ai) 








limitless... 


swiy 
perfected manufacturing 
*§ permit limitless 
n design ‘ 

istom made 
to your individual ¢aquire 


very part 


Po y ntific 
mous wil 


synony 
versatility, prec 
Sior performance. Eye 

sl g, commutator 

br embly made by | 

5 t the ulti 


e use of @pox 

ws greater mir 
thout sacrifice 

Our perfected | 

mit. the Use 

noble met. 

ing possi! 

the t 

the 


jutomat 


slip ring assemblies 


i 
i 
{ 
t 


miniaturized ' brush assemblies 


i commutators 


to fit any requirement 


A real achievement in sub-minia- 
turization: thirty-two 6.140” di- 
ameter rings in less than one inch 
of length, with no sacrifice of 
electrical of mechanical charac- 
teristics! Rugged and accurate 
stainless steel flange and cen- 
ter rod insure perfect alignment. 
Solid coin gold rings of 140 Brin- 
nel hardness are finished to @ 
high polish, Also note color 
¢ tefion insulated leads. 


This extremely accurate commu- 
tator, used to generate a critical 
po peer someones is fabri- 
cated with coin gold segments 
common to the end contact and 
P.30 epoxy resin, the combina- 
tion of which guarantees uniform 
wear and long life. 


SCIENTIFIC 


CONTROL ENGINEERING 


NEW PRODUCTS 


, , 
renti ivailabl Bir 
marketed 


[2.5 


j transist 
vv Bogue Electr 
lowa Ave Paterson 


ire to by 
Mite 
N.] 
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SNAP-ON RECTIFIER 
\ pall of nev clk itn 


pe ial hap-an terminal ( 
for use in printed circuits. ‘Thy 


iting if 
Radio Re 
19th St 


ind 6 i 
eptor (Clo In 
J Siem 


Circle No. 6O on reply card 


MOUNTINGS: 
A nev 


for terminal or resist 


youp of mounting bra ket 
oards 1 id 
to withstand OQ00-ft-Tb 
Sizes range from 12 through Ra 
theon \ifg Co... Waltham 54. Mass. 


Circle No. @1 on reply card 


POWER DIODES: 
Axial lead 


in production to 


ho k up ft 


silicon rectifier ire now 
handle up to 600 
volts peak inverse and 

rents averaging 4 ump at 
Lhe -cu-in items can he 


for ird cur 
lOO deg ¢ 
printed Ci 


iit re Mlectroni 


minted [ransitron 


\iclrose 76, Mass 
Circle No. @Z on reply card 


( orp 


UNIVERSAL GEAR TRAIN 


board 

in taink 
luminum 
ol ball be il 
Corp., 24 
Wavne, Ind 
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POTENTIOMETERS IN CONTROL 


ADJUSTABLE BRUSHES: 


I lere 1 pot with two independent! 
idjustable brushes. ‘The device is 2 in 
+ watt A varicts 
of functions is available. Electrons 
Sales Div. of DeJUR-Amsco Corp 
#5-01 Northern Blvd., Long Island 
City 1, N. ¥ 

Circle No. 64 on reply card 
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DOS, DOSY, DO, ind CR CRU, in 65 iidlercat types — 
are available from stock. 


Models DO and DOS fill er industrial needs for 
a compact, lightweight pose | that handles power 


loads usually r larger, heavier units. 
They are iy reg adaptable to aircraft and mobile 


equipment where severe and vibration are 


encountered. The increased ating sensitivity of 
Model DOSY relay, equipped with twin coils, 

makes the DOSY adap to a wide range of 
electronic control circuits, such as plate circuit controls. 
At 115 VAC or 32 VDC, noninductive load, Models 
DOS and DOSY have contact ratings of 15 amp; 
eappe g 10 _ cal Model oe 5 mp Available 
in a r ating voltages 

contact combustion. 
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(100) MOTOR SPRING. Neg’stor Div. 
of Hunter Spring Co. Bulletin 310Mb, 
25 pp. Here’s a handsome takeoff on the 
theory that overexpanding one end of a 
coil spring results in a simple mechanical 
motor with output torque on the ex- 
panded end. Drawings get A-plus. 
(101) SPECTROGRAPHIC SUPPLIES. 
Jarrell-Ash Co. Catalog SS-8-55, 24 pp. 
Contains descriptions and prices of spec- 
troscopic chemicals available from England, 
rods, electrodes, and ders, and plates 
and film from the U. S., and literature 
from both nations. 
(102) AUTOMATIC CONTROLS. The 
Mercoid Corp. Catalog 856, 52 pp. Mer- 
coid puts details on nearly 120 classes of 
automatic equipment between heavy em- 
bossed covers. For an idea of the pe 
scope: pressure controls, 12 
ture controls, 12 pp.; relays, Ss PP; aa 
stats, 4 pp. 
(103) CONVERSION THEORY. Epsco, 
Inc. Paper, 8 pp. E p Mae san Technical — 
president Bernard 
theory of analog- BK, pee conversion Pongo 
the operation of two converters developed 
the Andor Controls Div. 
(104) INSTRUMENTING A PLANT. 
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110 110 392 3139 114 TIS 116 

118 119 120 121 122 123 124 125 
127 128 129 130 131 132 133 134 
136 137 138 139 140 141 142 143 
145 146 147 148 149 150 151 152 


Fischer & Porter Co. Bulletin 90-242-11, 
12 pp. This discussion of measuring and 
controlling gee variables in a sewage 
treatment plant gets fancy dressing in the 
shape of highly interesting diagrams that 
show how two plants are instrumented. 
(105) CERAMIC TRANSDUCERS, Gul- 
ton Mfg. Corp. Brochure, 12 pp. Covers 
applications, physical and electrical prop- 
erties, resonant frequency characteristics, 
and standard sizes and sha 

(106) MONITORING § STEMS. The 
Autocall Co. Bulletin, 34 pp. Describes 
five kinds of variableactuated annuncia- 
tors and presents easyon-the-cyes sche- 
matic diagrams of each one, Covers such 
characteristics as operating voltages, win- 
dows, types of control cabinets. 

(107) TECHNICAL WRITING. Tech- 
nical Mar Associates, Inc. Pamphlet 
(54 x8 in.), 10 pp. A. D. Ehrenfried, di- 
rector of TMA, authored Pan booklet, 
which takes the working on a 
light-hearted trip doougit h Pn saey most salient 
points to be contiuel te writing a tech- 
nical paper. 

(108) SOLENOID VALVES. Barksdale 
Valves. Catalog 5-C, 8 pp- Describes 
3-way and 4-way “Crescent” valves for air 
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and for air, water, and light oil. 
are 0-150, 30-150, and 50-500 psi. 
characteristics, flow patterns, 
dimensions. 
(109) VARIABLE-SPEED DRIVES. 
Magnetic Amplifiers, Inc. Bulletin S 580- 
$6. 8 pp. Describes two sizes of con- 
trollers, one rated up to 4 hp and the 
other to 14 hp. Absence of tubes, capaci 
tors, etc., makes the units “nonelectronic”. 
Speeds range from 2,000 to 40 rpm for a 
ratio of 50:1. 
(110) APPLYING GATING PACK. 
AGES. Computer Control Co., Ine. 
Paper, 20 pp. Here's a lucid treatment of 
the elements that make a computer “ 
cal”. The discussion centers around the 
3C-PAC gating package. 
(111) AIR AND VACUUM PUMPS. 
Leiman Bros., Catalog 755, 12 pp. This 
full coverage of the Leiman fine in 
cludes data on construction, dimensions, 
capacities, and performance curves. 
(112) CHEMICAL PUMP. O.K. Ma 
chine & Tool, Inc. Gives features of a 
300-gph pump whose Teflon construction 
allows it to handle all chemicals except 
molten alkali metals and fluorine at up to 
300 deg F and at high pressures. 
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(113) CYLINDERS, VALVES, ETC. 
The A. K. Allen Co, Master Catalog, 40 
pp- Describes valve-in-head, single- and 
double-end cylinders; pilot, solenoid, and 
hand air valves; a spring-return clamp; and 
dial feed tables. Table chart relates cpm 
to number of positions, plate diameter, 
weight added. 

(114) STATHAM LITERATURE. Stat- 
ham Laboratories, Inc. Assorted bulletins, 
12 pp. Cover transducers, pressure trans- 
ducers, and accelerometers. 

(115) ELECTROMETER. Applied Phys- 
ics Corp. Bulletin, 4 pp. Discusses a more 
flexible version of the Cary Model 30 
Vibrating Reed Electrometer. It’s called 
Model 31. Ranges are 1-1,000 millivolts 
and 3-30 volts. 

(116) SWITCHES, ETC. General Con- 
trol Co, Bulletin 4b/Ge, 4 pp- Covers 
pushbutton, lever, limit, and foot switches, 
synchronous-motor and electric timers, and 
control panels, 

(117) WATER-TIGHT CONNEC. 
TIONS. The Pyle-National Co. Bulletin 
629, 6-pg. gatefold. Gives data on knurled 
and ribbed grips and elbows for portable 
cords and cables used in all types of elec- 
trical equipment. Charts in detail male 
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and female types, conduit sizes, and sizes 
of cords and cables. 
(118) PRESSURE GAGE. Callery Chem- 
ical Co, Bulletin PG-2, 4 pp. Voriations 
in a core-sensitive, bellows-actuated trans- 
former are recorded on a meter. That’s 
the principle and here’s one of the fea- 
tures: the bellows can be switched for vari- 
ous applications. Range: to 1,000 deg F. 
(119) PRESSURE REGULATOR. Black, 
Sivalls & Bryson, Inc. Bulletin 11-55-107, 
one sheet. At maximum reduced pressure 
of 40 psi, this unit’s set pressure varies 
less than 0.1 psi. Filter handles anything 
larger than 40 microns. A 100-psi regu 
lator is available. 
(120) HIGH-PRESSURE METERS. 
Granberg Corp. Bulletin 571, 8 pp. Dis- 
cusses two rotary positive tilicoment 
units (1,600 max at 300 psi and 200 
max at 1,000 psi) and a Duo-Rotor 
‘or up to 28,000 at 1,000 psi. 
(121) LUBRICATION P . Tuthill 
Pump Co. Catalog 108, one sheet. Shows 
dimensions, parts, and performance curves 
for four compact, cartridge-type designs. 
(122) CO “CTORS. Barco Mfg. Co. 
Catalog 407, 4 pp. Big, clear drawings 
illustrate split-flange connectors for air, 


steam, and gases, and their components. 
Tubing sizes range up to 3 in. They're not 
supposed to loosen ite twists and turns. 
(123) NMC REPORTS. Nuclear Meas- 
urements Corp. Bulletin, one sheet. NMC 
tested its proportional counters against 
five others on the basis of counting range, 
background, efficiency, decontamination, 
cost, time, etc. Here are results. 

(124) LEVEL CONTROLS. Machinery 
Electrification, Inc. Assorted bulletins, one 
sheet each. Deal with probes for dairy, 
food processing, and general applications, 
and with two types of liquid level controls. 
(125) PROCESS CONTROL. Brown In- 
strument Div. of Minneapolis-Honeywell 
Regulator Co. Bulletin 7202, 12 pp. 
Covers three Tele-O-Set instruments for 
control of process variables: a recorder and 
indicator (essentially one and the same) 
and a controller, which balances two pres- 
sures to achieve setpoint. 

(126) TELEMETERING. Stavid Engi- 
neering, Inc. Brochure, 7 pp. Here’s some 
lowdown on the Beacon unit developed for 
the Army Sonal Corps. The transmitting- 
receiving-calibration system is discussed in 
terms of range of repetition, samples per 
second, and rate of change. Accuracy is 
2 per cent of range. 

(127) RADIO BEACON UNITS. Stavid 
Engineering, Inc. Brochure, 5 pp. Covers 
two of Stavid’s developments for the Air 
Force. One operates on the S band fre- 
quency, the other on the X band. Both 
ac4le units have interchangeable receivers. 
(128) CAPACITORS. The Gudeman Co. 
Bulletin 271-2, 4 pp. About two paper- 
dielectric Feed-Thru units designed for 
minus 55 to plus 85 deg C and for minus 
55 to plus 135 deg C. They can handle 
twice their rate of voltage for two minutes 
and have a life of 250 hrs under 140 per 
cent rated de voltage. 

(129) QUICK-CONNECT VALVE. Na- 
resco Equipment Corp. of National Re- 
search Corp. Bulletin, 1 sheet. Explains 
principle behind a vacuum valve which, 
though not strictly a control component, 
eliminates enough vacuum-pumping or 
gas-filling systems for a notation. 

(130) HELICAL GEAR DRIVES. Link 
Belt Co. Book 2651, 16 pp. High points 
here are charts that tie applications to 
load classes, give hp and torque ratings 
for double- and triple-reduction drives, 
and offer selection tips. Loving care went 
into the illustrations. 

(131) ROTARY SWITCHES. Allis 
Chalmers Mfg. Co. Bulletin 14 B 8112, 
8 pp. These control and instrument de- 
vices are engineered for looks, too. Add- 
ing stages and replacing contacts are made 
easy, and positive contact and definite 
contact positioning are assured. Spread 
tells what’s available. 

(132) ADHESIVES. Adhesives & Coat- 
ing Div. of Minnesota Mining & Mfg. 
Co. Catalog, 12 pp. The engineer might 
say this one gets off to a slow start. But 
halfway through appear massive charts on 
applications and properties of adhesives, 
coatings, and sealers. An admirable job. 
(133) MORE ADHESIVES. Rubber & 
Asbestos Corp. Data chart, 2 pp. Another 
“borderline case” that’s too fact-filled to 
pass up. This one is about R&A’s prod- 
ucts exclusively, but that shouldn’t matter 
if the information is adequate. And it is. 
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What Is it? The ( losed-( ve le Cas- ook a Reactor 
is a reactor whose principle of operation is based on 
the concept of the use of a gas under pressure as the 
working fluid for direct transfer of energy from the 
reactor to a turbine. The gas used is nitrogen, carbon 
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CLOSED CIRCUIT TV PIONEERS 


For a Better Crop coming an anachronism. And in 
framing a substitute program, Tech 


From “A New Educational Program was making it very plain that its criti 
in Energy Conversion’’ by Gordon cism was not meant to be negative, 
S. Brown, A. Kusko, and D. C. but constructive. Though still in an 
White, Dept. of Electrical Engi- embryonic stage, the new schedule 
neering, Massachusetts Institute of has reached the point where students 
Technology. Paper presented at can participate in it and educators can 
Winter General Meeting of AIEE, aie about it. The authors do the 
Jan. 30-Feb. 3, 1956, and published latter in this paper. 
in “Electrical Engineering’, Febru- The decision to change the old-line 
ary 1956, pp. 180-185. methods of teaching engineering was 
When MIT scrapped its conven prompted by an awareness of the engi 
tional courses and laboratory work in neer’s growing responsibilities. MIT 
machinery, it was lending a reputable thinks he stands a better chance of 


you CAN USE alg yes growing gate ag n beso iy onary be et 
INDUSTRIAL TV \is type of curriculum was fast be are inobtrusively introduced to him 
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while he is a student This is the 
prime purpose of the new program 
which will soon rest on the shoulders 
of the present junior staff. The hope 
is that ultimately it will take on the 
scope envisioned in Figure 1, which 
charts the “interrelations of science 
engineering in energy conversion and 
its utilization’’. 

Fight “core” subjects, organized 
under the general titles of “Energy 
Conversion” and “Information Prox 
essing”, make up the electrical portion 
of the revised program. The authors 
emphasize that the subjects under 
energy conversion “are not mere sub 
stitutes or equivalents for the tradi 
tional subjects on ac and de machinery 
or power transmission. On the con 
trary, their content recognizes that th« 
imaginative processing of energy 
one of the major responsibilities of 
engineers. The impact of new mat 
rials, new environments, new energy 
sources, new calculating machines, as 
elements of our new abundance, has 
increased the breadth, versatility, and 
depth of scientific competence de 
manded of tomorrow's engineer.” 

The curriculum to further this 
“scientific competance” gets into full 
swing in its third year with the start 
of two of the three subjects under 
energy conversion: “Fields, Materials, 
and Components” and “Electrical 
Energy Converters”. The student will 
be sent into these courses with a 
strong background in mathematics and 
electricity and magnetism, and by the 
time he enters his fourth year he'll be 
well prepared for the third subject, 
“Electric Power Modulators”. Thus, 
his program “starts with field theory 
and relates it to the microscopic con 
cept of materials, continues through 
the combination of these materials to 
perform energy-processing functions 
treats the basic principles of energy 
processing devices and culminates in 
the study of energy-conversion system 
composed of interconnected devices’’ 
The paper deals with energy onverl 
sion exclusively, the idea evidently be 
ing that the information processing 
portion of the curriculum speaks for 
itself; and of the three subjects di 
cussed. the last two get the most 
attention 

“Field Materials, and Compon 
ents” introduces the student to ke 
principles, gives him advanced general 
izations about fields, and starts him 
on vectors. In the laboratory he'll 
map fields and study dielectric and 
magnetic properties of materials un 
der changing conditions. When h 
advances to “Electrical Energy Con 
verters” he'll see how interactions of 
fields with materials may lead to 
methods for controlling and convert 
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Wherever a graphic display of several quantities will facilitate measurement and control, 
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ing energy and how he may realize 
devices for doing these things; and 
he'll learn why a careful analysis of 
what is meant by the coordinates of 
a system is important. In the lab 
he’ll study energy storage in reactors, 
transformers, and magnetic amplifier 
force-displacement relationship in 
clectromechanical devices; and analog 
circuits and frequency-responsive be 
havior of transducers. When he gets 
to “Power Modulators’, he'll study 
the performance of systems in which 
they are found, and will determine 
their parameters and transfer fun 
tions. The stress here will be on the 
control or dynamics of energy-pro 
essing devices 

The authors submit four exampk 
from the text material to illustrate 
the approach used The exampl 
are the scaffolding for note material, 
home problems, and laboratory ex 
periments. Onc of the four submit 
ted seems to be more inclusive than 
the others, principally because it 
protagonist, a generalized two-phase 
rotating machine, generates much of 
the theory of continuous clectrome 
chanical energy conversion in the 
“Power Modulator” section. An ideal 
ized version of the rotating machine 
(Figure 2) is used in determining field 


equations for the airgap volume in 
terms of the current densities in the 
winding sheets and other condition 
of rotor velocity and excitation fr 
quency. Specific problems are solved 
by impressing required constraints on 
the electrical or mechanical terminal 
quantities in the form of intercon 
nections, applied voltage md torqu 

lransformations are used to obtain 
ets of differential equations with 
non-time-varying coecfhcient under 
special conditions; thes quation 
are either directly solvable, lead to 
equivalent circuits, or require solu 
tion by computer. ‘Thus, the exampl 
sets the stage for consideration of 
the complete class of rotating-machine 
problems and solution 


MIT still faces evcral hurdle bye 
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ABSTRACTS 


fore the new curriculum can be called 
firmly established. It espe ially 
inxious to broaden the scope of 
study to include other forms of energy 
conversion in which the electrical 
form is used, such a onversion 
from heat and light 


Robot Warehouses 


From “Automatic Warehousing 

by Gifford Kittredge, Lamson Corp.., 

Proceedings of the RETMA Sym 

posium on Automation, September 

1955 

Roughly 30 per cent of manufactur 
ing costs today are directly attribut 
ible to materials handling. ‘There is 
a possibility of adding a number of 
indirect costs to this area to increas« 
the percentage 

(he author likens the flow of ma 
terials to that of fluids, and states 
that the analog has much validity in 
the design of materials handling sy 
tems. One of the principal character 
istics of the average modern ware 
house is automatic palletization for 
fork lift trucks 

Ihe author describe the Lever 
Brothers warehouse it Hammond, 





Ind., as an example of a modern au 
tomatic materials handling installa 
tion. Eighteen production lines are 
shunted onto two trunk conveyors 
which cover the 800 ft between the 
production area to the center of the 
warehouse. One of these conveyor 
handles spray products, the other hard 
soaps. The cartons of spray products 
can be immediately sent to a truck 
loading platform or to six storage 
lines that feed automatic pallet load 
ers. 

Automatic sorting is done by photo 
cells that scan each carton for mark 
ings located when the cartons are 
printed. After pallet loading, the pal 
lets are immediately handled by fork 
lift trucks or placed on elevator 
transmission to lower flo 

d [he second main 
. TED soap cartons are hand 

TRONS: {NCOR! ons pein 8 of the variety of packages used 
ELE‘ rt , —— sai Another advanced warehousing op 

1Is7 suo eration is carried out at the Heinz 
plant in Pittsburgh. Here, the output 
of 14 production lines is stored long 
enough to make a slug or train, which 
is then fed to one of four main con 
veyors to the storage area. Here a dis 


patcher supervises the automatic pal 
let loading of the trains, and dispatches 
them to different flo f the ware 
house 

Like the Lever Brother the 
Schmidt Brewing Ce in Philadel 
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phia uses a combination of direct-out 
put-to-loading-area lines with lines to 
automatic pallet loading for warehouse 
storage. With this system a dis 
patcher can determine the exact load 
destined for a given truck and send 
the rest of the plant’s output to stor 
age 

Among the future possibilities for 
this held are automatic depalletiza 
tion for the removal of materials from 
warehouses to loading vehicles; in 
creased use of closed-circuit television 
to coordinate operations in large in 
stallations; radio controlled or punched 
card controlled fork lift trucks; and 
means for identifying cartons for in 
ventory control systems 


Control by Refraction 


From “The Differential Retrac 
tometer for Automatic Control of 
Fractionating Columns’, by O. D 
Larrison, F. W. Purl, and H. R 
Harris, Phillips Petroleum Corp 
ASME-IRD paper 55-IRD-11, pre 
sented at ISA Conference, Los An 
geles, September 1955 


(he authors make a good case for 
using differential refractometers in con 
tinuous process control applications 
Although the article emphasizes frac 
tionating hydrocarbon mixtures, the 
tep-by-step approach to the construc 
tion and application of this end-point 
analyzer guides the way to use fo 
other continuous processes 

\ refractometer measures the refrac 
tive index of a liquid. If strong corre 
lation exists between the refractive 
index and optimum product, the re- 
fractive index controls product quality 
through a closed loop. In this artick 
the authors cover the theoretical basis 
of the instrument’s development, its 
construction, its application to frac 
tionators, some specific application: 
and methods and choice of control 

Several column conditions or func 
tions (and hence product) can be cor 
related with the refractive index of a 
carefully selected sample point in the 
column. But in most cases that have 
been studied the refractive index gra 
dient of the fractionator correlates best 
with the composition gradient of the 

heavy (key) component of the sepa 
ration. The contro] point is usually 
the tray at which the plot of the tray 
height refractive index shows the 
greatest slope 

Ina particular fractionating proc 

(demethyleyclopentanizer ), analysis of 

many product samples against refrac 

tive index shows that the percentag 
of the key component can be measured 
by the refractive index. Thus it fol- 
lows that if the refractometer auto- 
matically varies heat input to the col 
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cause f the complex calculations 
required to make the gears. 

A Fellows gear shaper was con 
verted to tape control by Cunningham 
Industries as part of an effort to 
simplify the fabrication of special non 
circular gears. The conversion uti 
lizes punched tape to operate a step 
ping motor, which in turn operates a 
synchro-transmitter-directed servo. The 
steps of the stepping motor are the 
equivalent of 0.15 deg of cutter rota 
tion, | deg of gear blank rotation, o1 
0.00025 in. out from the center 
ever, the time 


Llow 
required for calculat 
ing a particular set of gear dimensions 
and preparing a tape is about 100 
hours 

A Univac 120 was 
this time 


used to reduce 
to about four hours, includ 
ing the time to cut the gears, but not 
including the time required to set up 
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Char-Lynn Hydra-Seal Hose Coupler 

Maw posenuve drop in coupler 
allows full power for work. 

Absence of internal parts 
assures least pressure drop of 
any coupler and eliminates 
cleaning problems. Designed 
and engineered as a quick-con- 
nect, self-sealing, break-away 
coupler for all fluid carrying 
lines. 

Write for free catalog and 


ABSTRACTS 


son H. A. Mussell, and WwW. D. 
Winger, International Business Ma 
chine Corp. Communications and 
Electronics (AIEE), January 1956. 
An extensive discussion of the func 
tions and features of this computer 
intended primarily for automatic proc- 
essing of business record 

A Dicrrat Porentriomerter. S. K. 
Dean and D. F. Newell. Electronix 
[engineering England) February 
1956. Describes an instrument for 
measuring voltage in discrete integers 
in either binary or decimal scale. Basi 
cally, the instrument compares an in 
put voltage with a series of references 
voltages. Any difference energizes cu 
cuits that add or back-off necessary 
voltages until balance is reached 

PracricAL ‘Tres ON KEEPING A 
Tecunica, Fire. James |. Lahm, 
Westinghouse Electric Corp. Machine 
De sign, Feb. 9. 1956. Discusses o1 
ganization and maintenance of a per 
sonal technical file as a_ valuable 
working tool for the engineer 


further information. 


G7 CHAR-LYNN CO. 


Char-lynn } 2843 26th Ave. So., Dept. CE4, Minneapolis 6, Minn. 


‘‘Member—National Fluid Power Association” 


PRECISION SWITCHES Instrumen 
tation”, Minneapolis-Honeywell, Jan 
uary-February, 1956, p. 20. Discusses 
units for process, motion, level, and 
bulk flow control, and for conveyors 
and counting and weighing 


ADVANCED 
DIGITAL ENCODER 


This encoder is an all electronic piece of equip- 
ment capable of digitizing 24,000 8-bit binary 
code groups per second. 





MA" 


¥°: The Coder’s all electronic circuitry which in- 
:. cludes solid state components mounted on etched 


ee Its compact construction and light weight sub- 
stantially reduces the need for bulky equipment 
Operating at 400 
cycles lor 60 cycles with modifications] this 
im equipment affords the capability of use in either 
air or ground systems. 
ho ~~. 
Among the more salient features are: 
Power Requirements: 100 watts 
Signal Input impedence: 100 K ohms 
Operating Temperature Range: -55°C to + 71°C 
Output impedance: 1 K ohms 
Overall Size: 6-13/16" H x 9-9/16" Wx 6-%" D 
Weight: 8 pounds 


RADIATION | " Otendn fe 
Personnel Inquiries net. Orlando, Fle 


Invited Electronics . Avionics . instrumentation 
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WHY ENGINEERS 
FEEL AT HOME 
AT ROCKETDYNE 


First and foremost, RocketTpyNE talks your lan- 
guage — and understands it too. Your associates and 
supervisors here are professional people like you. 
They respect your status, your thinking, your ideas 
and your interest in technical advancement. 

ROCKETDYNE will encourage you to choose the 
field that is most satisfying and rewarding... truly 
best for you. This is possible because its activity 
includes the full range of rocket engine development 
from preliminary design to field testing and produc- 
tion... because its programs include development 
of the largest liquid-propellant rocket engine in the 
Western World... because it has contracts with all 
branches of the Armed Services and the guided mis- 
sile industry for broad variety of rocket engine types 
and sizes. 

It may surprise you to know you can qualify for 
a career at ROCKETDYNE with or without specific 
rocket engine experience ! Engineering experience in 
heating and ventilating, hydraulics, pumps, tur- 


THESE POSITIONS NOW 
DESIGN & DEVELOPMENT ENGINEERS 
Mechanical, Chemical, Electrical, Aeronautical, Stand 
ards, Structural and Stress. For rocket engine com 
ponents and systems design or development. Turbine 
pump, controls and combustion device experience pre 
ferred 


TEST ENGINEERS 
Experienced on engine systems, combustion devices 


turbines, pumps and engine instrumentation 


EQUIPMENT DESIGN ENGINEERS 
Electrical, mechanical, structural, industrial. For design 
of facilities, specialized test, and handling equipment 


Write Mr. Grant Baldwin, Rocketdyne Engineering Per- 
sonnel, Dept. 596-Con, 6633 Canoga Ave., Canoga Park, 
Calif. 


bines, combustion devices, controls, dynamics, 
structures and instrumentation are just a few of 
the related fields that could open your future at 
ROCKETDYNE. 

ROCKETDYNE’S design and manufacturing center 
and its nearby test laboratory house complete, 
advanced facilities... the vital tools you need to 
meet the challenges of rocket engine development. 

ROCKETDYNE is North American’s rocket engine 
division. It has just moved into new ultra-modern 
headquarters in Canoga Park, located in the beauti 
ful West San Fernando Valley of Los Angeles. This 
area is famous for its fine residential sections, 
modern shopping-center convenience, varied recrea 
tional and entertainment facilities. Any point in the 
San Fernando Valley is just minutes drive from the 
beaches, and the weather is pleasant all year around 
Many engineers are interested in advanced courses 
offered by fine schools like UCLA, USC and Cal 
Tech, all within a short drive from our headquarters 


OPEN AT ROCKETDYNE 


DYNAMICS ENGINEERS 
To analyze rocket engine control systems utilizing elec 


B.S., M.E 
Prefer advanced degree. Experi 


tronic analog and digital computers 
B.S.E.E 


ence in servomechanisms, 8) 


or 
necessary 
ystems analysis desired 
THERMODYNAMICIST 


lo analyze, design and develop high ubsonie 


speed 
and supersonic turbines. Jet engine or industrial steam 


turbine experience desired 
SYSTEMS ENGINEERS 
ENVIRONMENTAL TEST ENGINEERS 
STANDARDS ENGINEERS 

TEST ENGINEERS —ELECTRICAI 


ROCKETDYNE 
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Higgins on Math . 


\. Wyscunecrapski: Zur THEORIE 
DER AUTOMATISCHEN REGELUNG. 
J. L. Geronimus. 60 pp. Published 
by VEB Verlag Technik, Berlin 
NW 7, Germany 

4. M. Lyarpunow: SrTasivirats- 
PROBLEME DER Bewecunc. |. L 
Geronimus. 88 pp. Published by 
VEB Verlag Technik, Berlin NW 
7, Germany 


In his interesting book, Sketches 
of the Work of Eminent Russian Per- 
sonalities in Mechanics, (Moscow 
State Publishing House, 1952, 519 
pp.) J. L. Geronimus epitomizes the 
professional careers and summarizes 
the most important contributions of 
leading 19th Century Russian workers 
in pure ind applied mechanic Ss. These 
men worked on certain technical and 
scientific problems that are yet of in 
terest 

Among these proble ms is that of de 
termining the stability of 
linear and nonlinear Such 
determination central 
problem in the analysis and synthesis 
of present<lay automatic control sys 
tems. Because of this importance, and 
of the long-continued influence of two 
men—W yschnegradski and Liapounoff 
(Ljapunow )—research in stability the 
ory is more intensive in Russia then in 
other countries. In cons¢ quense, vari 
ous Russian books encompass a very 
substantial body of useful linear and 
nonlinear stability theory that is not 
to be found in control engineering 
texts of other languages (as evidenced 
for example, in the recent text by N 
Malkin, Theory of Stability and Mo 
tion, 431 pp. State Publishing House 
Moscow, 1952) 

Geronimus traces the development 
of certain phases of this branch of con 
trol theory through his accounts of 
the life and work of Wyschnegradski 
and of Liapounoff. Unfortunately, few 
control engineers can read Russian 
Recently, however, the various por 
tions have been issued as 
inexpensive monographs in 
translation. The two of interest her 
tvpify the series. Each comprises a 
full-page plate of the individual con 
cerned, a short sketch of his profes 
sional career, a detailed a 
count of his most important technical 
work, and a list of pertinent refer 
ences 

Wyschnegradski’s influence in the 
development of applied mechanics in 
Russia and his pioneering contribu 
tions to stability theory during 1877-78 


dynamic 
system 
comprises a 


i seri s of 
German 


concise 





ELECTRONIC COMPUTERS 
AND 
MANAGEMENT CONTROL 
Just Published! 


Shows how electronic computers help soive manage 
ment problems, and how to prepare your firm tor 
changes required by these new methods. Tells how 

to determine which planning and control probi« 
at be solved through operations research; whict 
data processing system will give 1 needed infor 
nat and - nic equipment 
~ y best. ox comm teore 
, 7 y/ w al eat bed Sh 
A f ip f¢ at 
i o By George ¥ oz 
Mar. Digital Centr. Div 
ind and Paul Kircher 
Prof. of Accte.. UCLA. 266 

po.. 10 ittus., $5.00 








ELECTRONIC 
ENGINEERING 
Just Published! 


Gives physical and mathematical analyses of cir 
cults which are important in almost every flela of 
electronic engineering 
of cireult and tells how t 

different types for required results 

state theory and transistors as 

Covers vacuum tubes, amplifiers 

fler saw-tooth waves, heavil 

circuits, electronic instruments 

etc. Scores of examples relate tech i lescribed 
to practical engineering ituation By Samuel 
Seely, Prof. & Chrmn., Dept. of Elec. Enorg.. Syra 
cuse Univ. 525 pp., 782 illus., $8.00 


Deseri bes 








AN INTRODUCTION TO 
REACTOR PHYSICS 
Just Published! 


Covers elementary nuciear physics and theory of 
thermal reactors, giving background for reacto 
design Calculations ele bn imentat 
and radiation are clea ) 
jtep-by-step detail a ga x te ler 
ate natural uranium i i 
leveloped for unders ‘ oble ir lved 
n designing all types Explains 
running of a power pile and oper and con 
struction of detectors, Damage done etural 
materials when subjected to high radiation fluxes 

clearly analyzed. By D. J. Littler and J. F 
Raffie, British Atomic Energy Res. Estab. 196 pp., 
76 titus., $4.50 
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ere 
Jons and complete answo't 
Over 500 Sincere pass state lloense exam 


QUESTIONS 
AND 


overs mechanica electrical, 
al. and chemic al) engineet ng, a6 in 
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surveying — * 7 — — : 

tates utho » 

a examination pre paree tends, 
years By William e hon 
Chrmn Civil Enere ep *’ ithan $6.50 
lege of Engrg. 462 oP. 27M“ i 


10 DAYS’ FREE TRIAL 


SEE THESE BOOKS 10 DAYS FREE 
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McGraw-Hill Book Co., Inc., Dept. CON-4 
$27 W. 4ist St., N.Y¥.C. 36 
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() Kozmetsky & Kircher Electronic 
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(] Seely Electronic Engineering — $8 0 
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NEW BOOKS 


ire especially stressed. The latter was 
largely a detailed study of the nature 
of the stability of the Watt governor 
is effected through account of the 
types of motion corresponding to the 
possible natures of the roots of the 
associated cubic characteristic equa 
tion; construction of the now-familiar 
stability diagram utilizing two coefh 
cients of this equation as variables; di 
vision of this diagram into stable and 
unstable regions; a further subdivision 
f the stable region into subregions 
orresponding to oscillatory and nonos 
cillatory regions; and—seldom seen 
in a control text—a yet further subdi 
vision of the nonoscillatory region into 
subregions arranged according to the 
all-real or complex conjugate roots of 
the characteristic equation. In view 
#f this work Wyschnegradski is com 
monly termed “the founder of the 
tudy of control system theory in Rus 
ia’. The principal value of the mono 
graph to the control engineer is, per 
haps, in its clear substantiation of 
W yschnegradski’s claim to this title 

Liapounoff’s contribution to sta 
bility theory (especially the important 
basic theory advanced in his 1892 
doctor's thesis) are encompassed in 
eight short chapters. Their essential 
ontent is well-eptomized in the chap 
ter headings: 2. Stability of systems; 

Liapounoff’s direct method; 4. In 
tegration of homogeneous systems of 
inear equations; 5. Stability in the first 
ipproximation; 6. Stability of nonsta 
tionary systems; Equations with 
yx riodic coefficients; 8. Methods of 
leve lopment in terms of parameter 
). The scientific work of A. M. Lia 
pounoff. A concluding chapter giv 
in interesting account of the develop 
ment of Liapounoff’s theories and 
ideas during the past 65 years in the 
irious centers of research founded by 
iis early students, and of the role of 
these centers in the formulation of the 
urrent body of Russian writings « 
nonlinear control theory 

(he chapters provide a very cleat 
account of Liapounoff’s methods and 
f certain other broad aspects underly 
ing the analytic theory of the stabilits 
of nonlinear control systems. Applica 
tion of theoretical content is wellallu 
trated by detailed solution of num« 


ous numerical exampl Thus, th 
monograph provides an excellent intro 
duction to the difficult domain of 
nonlinear stability theory—which i 
of rapidly increasing practical impor 
tance because of the growing emphasis 
on nonlinear control system design. 
The first of the series (N. W. Os 


Worlds Smallest’ 


Mercury Plunger-Type Relay 
EBERT’'S NEW MINIRELAY 


Proven in Use For All Loads Up to 20 Amps 


Millions of 
Sealed Trouble-Ffree 


Hermetically 


Explosion-Proof! “Makes & 
No Sparks! 4 Breaks" 


Forget it 
Competitively 


Low Priced 


rus 


installed! 


35 Millisecond 
Fast Action! 


installs in 


one minute! 


270 AMPS/115 V. AC *® 10 AMPS/230 V. AC *® 6.5 AMPS 
120 V. OC © 3.5 AMPS/220 V. OC © 1.5 Hoe./115, 230 of 
440 V. AC ® ‘'/; Hp./120 and 220 V. DOC 
Available normally open or normally closed, SPST 


FREE fact file-Write today 


EBERT ELECTRONICS CORP. 


212-14 Jamaica Ave., Queens Village 28, N. Y 


PREcitistiowN 
ELECTROMECHANICAL ASSEMBLIES 


FOR MILITARY AND 
Bowmar Instrument specializes in the design INDUSTRIAL CONTROL 
and production of custom electromechanical DEVICES AND SYSTEMS 
equipment for modern control systems. Ex 
perience ranges from the creation of single units to quantities of 10,000 
or more. When you need unsurpassed precision, performance and reli 


ability in such devices, send your requirements to Bowmar 


SEKD NOW FOR ‘PRECISION ELECTROMECHANICAL COMPONENTS’ 


Catalog We. 2100 


Mfrs. of Precision Speed Reducers, Gear Heads, Custom Electromechenice! 
Assemblies, Mech ic ters, and Ser h 
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interested in 


INERTIAL 9 trogradski: Zum Prinzip der kicinsten 
e Wirkung) should be purchased with 


these monographs, for it contain the 


details of the referen¢ ted the 


two items in the revi 


on More Math 


Meruops or CALCULA 

Aip Ol NUMBER SEQUED 
Méthode de Calcul a Ilaide de 
uites). Michel Cuénod, Ingenieur 
OFINCO. Geneva Switzerland 
Published by Science et Technique 
r Feiss Libraire-E-diteur | 


Petit-Chene, Lausanne, Switzer! 
3 19.50 Swiss fran Ipprox 
Increasingly important to the Ih monograph yutti 
, : of very interesting arti 
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< live 

cuits and airborne digital computer techniques to design and monograph of « _. i valu 

More gencrally, however ill wi 

develop electronic components such as precise integrators, 


I 
have come to appreciate the manifold 


accelerometers, computers, feedback amplifiers, and instru- uses and power of number seri 11Cu 
lation (as exhibited, for example, in 
ment servos for use in inertial guidanc Se } } 
; the recent article on pro ontro 
theor J B Reswick, “Determine S\ 
tem Dvnamics—Without Upset 
SERVO SYSTEM ENGINEER the June 1955 i: 
. } 
Analyze, design and develop complete systems for inertial GINEERING ) will find thi 
monograph worthy of clos 
In 1947 the English 
nec! Arnold Tustin 
method of analyzing th 


SERVO VALVE DEVELOPMENT ENGINEERS linear systems in term 


Design and develop high performance servo valves for Essentially, this compris 
mation of the forcing functio 


Sue if CONTROI 


guidance, with the he Ip of a team of specialists. 
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technique Institute in 1952. Some 
subsequent additions delayed publica 
tion until 1955. It starts with develop 
ment of basic theory, as does Mad 
wed's, thus overlapping the latter in 
some basic detail. However, the dif 
ference in content is sufficiently great 
to be ot interest. For example, his 
material on the application of number 
eries in the control field is substan 
tially different from that in Madwed 
text 

Che monogt iph splits into two sec 
ions. The first part, “Principles of 
ilculation by the aid of sequences 
omprises eight short chapters on basic 
definitions; operations with sequence 
olution ot linear differential equation 
of the first and second order with con 
tant coefficients, of the linear differ 
ence-differential equation of the first 
der, of the differential equation of 
the first order with variable coefh 
cients, and of partial differential equa- 
tions; the relation of number seri 
calculation to transform theory; and 
tudy of random function lhe work 
exemplifi the po sibiliti« or tine 
cries computation, rather than ex 
haustive theory Thus each topic 1 
treated quit briefly. However, the de 
velopment is clearly made and is sup 
ported by detailed numerical solution 
f numerous electrical and mechanical 

tem problems 

Ihe second part Application 
ilculation by the aid of equences to 
the theory of automatic control’, com 
prises four short chapters on basic 
definitions in control theor ffecting 
the limit of stability by a rather novel 
method, determination of transient 
ponse, aml automatic control] tem 
with several degrees of freedom (thu 
vith multiple inputs and output 

Che volume onclud vith a sum 


+ 


ma ious aspects of computation 
ind oth us OF sequcnce rour ap 
pend ice determination of the root 
of a characteristic equation, study of 
involved in a imputation 
puiem investigation of a 

hydroelectri mtrol problem 

nd application of sequen 


tucl DI i«iom function 


on Automation 


Iue Ropor Era. P. EF. Cleator 
172 pp Published by George Allen 
and Unwin, Ltd., Ruskin House 
Museum Street, London, England 
1955. 16 shillings 


The prime purpo of thi 00k 
ind also a pithy haracterization of 
vell-remarked in the pub 


omment The rol the 


5 RINGS 


ale 9 

valves 

| best 

4A friend 


Drippy, leaky valves are just not socially acceptable 
> so, we designed the new Hoke bar stock needle 
vaive with an O-ring stem seal--to give it the right start 
in life Result—a seal that will pass a heliu leak test 

no packing adjustments no trict even at 
high pressure Self-aligning spindle shuts off tight 
For instrument panel, test stand, hydraul rpneumat 
service. in carbon, chrome or stainiess steel and brass, 


for%" to 4" pipe sizes. Panel mounted, too, if needed 


We've got a brand new wall chart as well as 


catalog information—Both yours for the asking 


HOKE 
INCORPORATE 


Fluid Control Specialists 
DEAN STREET, ENGLEW [ 


Clarify all types of 
Keyed Audio 
Signals 


Boehme Communication Filters 
Especially designed... 

« for minimum “ringing” or 
“tailing” (transient response ) 

s for optimum results under 
dynamic conditions 


Available in a wide variety of 





types, frequen y characteristics 
and impedance matches 
Write for data sheets, today! 


H.O. Boehme, Inc. 


Designers and Manufacturers Communication Equipment 
Precision Electro-Mechanical A pparatu 


915 Broadway + New York 10,N.Y 
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SYSTEMS 
ENGINEERS 


LIBRASCOPE offers outstanding opportunities to 
“career” engineers in military and industrial projects 
involving the design of fire control systems, analog 
digital computers, transistor and servomechanisms 
components — packages and many other categories, 
some of which are listed below. Fields of concentra- 
tion include mechanics, optics, electronics, magnetics 


DO YOU QUALIFY FOR THESE 


IMMEDIATE 


AIRBORNE 

KQUIPMENT ENGINEER 
Experienced digital computer 
engineer, BA or BS in Physics 
or EE. Experience in mag 
netic or transistor technique 
in pulse circuits desirable 


ENGINEER TO WRITE 
PROPOSALS 

BS in math, physics or Engr 
To prepare proposals on mili 
tary equip. Fire control and 
guidance systems, analog or 
digital computers. Extensive 
experience brings top pay 


SENIOR 

ENGINEER 

With EE to do analyses of 
airborne systems. Must have 
2 yrs. systems analysis expe 
rience in digital computers 
ability to write military pro 
posals, and to work out math 
for computer processing 


OPENINGS? 


ELECTRONICS 
ENGINEER 

Project Mgr. to design, de 
velop and check out circuitry 
in servomechanisms and 
instrumentation. EE or equiv 
Transistor and/or mag. amps 
experience desirable 


SHIPBOARD 

EQUIPMENT ENGINEER 
Assist in proposal prepara 
tion for shipboard computing 
systems & components. EE 
or Physicist. Experienced in 
sonar, anti-sub fire control 
analog or digital computers 
Navy background preferred 


MECHANICAL 
ENGINEER 

Experience in electro-mechan 
ical design to take charge of 
mech. designs in electronics 
packages. ME degree or equi. 
Experience with servos or op 
tical applications desirable 


Join a well-established firm with the “young 


man’s’ viewpoint. 
works closely with management 


where each individual 


stays with 


his project from start to finish. Excellent 
pay, subsidiary benefits. Relocation assistance 
Contact Don Webster, Chief Engineer 


4 @yesiolaRY OF 
GENERAL FPRECIGION EQUIPMENT CORPORATION 


IBRASCOPE 


LIBRASCOPE, INC.: BOS WESTERN AVE.- GLENDALE, CALIFORNIA 
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machine in the Industria] R 

of the 18th and 19th Centuric 
familiar enough story. But many of 
the machines which are now emerging 
are of a nature so startling that a new 
revolution may be said to be on the 
way. Here, prefaced by a note on the 
underlying principles involved, is a 
lively and eminently readabl descrip 
tion of machines at work in the work 
today.’ 

Io facilitate this end—a readabk 
description of machines at work in 
the world today—the author divid 
the book into three parts i short 
Part One: Wheels Within Wheel 
pp. 15-42); a longer “Part Two 
Automata in Action” pp. 43-90 
ind a yet-longer “Part Three: Ma 
chines Minus Men” (pp. 91-157 

Part One explains certain basic con 
epts, principles, and facts underlying 
yperation of the machines under di 
ussion. Thus, Chapter “I. Matter 
Mechanical and Metallurgical’ out 
lines the basic theory of the lever and 
the inclined plane, and sketches d 
clopments to date in the preparation 
ind use of certain basic metals, e pe 
cially iron and steel. “II. Prime Mov 
ers and Power Sources” advances a 
brief account of the evolution of mean 
for powering machines, from manual 
methods in the time of the Pharaoh 
to the diesel motor, gas turbine, and 
jet engine of today. “III. Element 
of Control (Devices)”” ranges ove 
account of basic operation and ¢ special 
merits of the mechanical governor 
the magnetic relay, various types of 
thermionic tubes, and several semi 
conductor devices 

Part ‘Two opens with an account 
“I. Mechanisms Emergent” of the 
gradual development of fully-auto 
matic machines and describes in detail 
a number of industrial-type machine 
Chapter “II. Robots in Our Midst 
continues the description, but mostly 
of devices that affect personal life in 
one way or other. “III. Enter th 
Computer” details evolution, constru 
tion, and use of various modern com 
puters. And “IV. From Matchlock 
to Deadlock” outlines the develop 
ment of modern devices of warfare 
from catapult to the hydrogen bomb 

In Part Three, “I. Autofabrication”’ 
outlines the rise and present state of 
the automatic factory; “II. Aspect 
and Implications” is concerned with 
the effects of the automatic factor 
on the social fabric of our time;“TT 
Power Without Precedent” details the 
discovery of fission and fusion and 
covers the present status of atomi 


enerev: “IV. The Dav Afte lomo 





yw conjectures on the role of man 
kind in an era of cheap, unlimited 
power; and “V. The Electronic Brain” 
remarks on the storage, transmission 
and utilization of information bv elec 
means 

This reviewer believes the book 
merits reading by anyone interested in 
the effects of automation on the 
personal, social, economic, and govern 
mental life of the individual. Numer 
ous excellent plates depict installa- 
tions, machines, and constructions of 
British origin, and clever topical car- 
toons extracted from British journals 
provide good visual evidence of Brit 
iin’s recognition of the vital role of 
automation in modern industry 


tronK 


. on More Automation 


Orrice AUTOMATION: INTEGRATED 
AND ELectronic Data PROCESSING 
R. Hunt Brown, President of Auto 
mation Consultants, Inc. 203 pp 
Published by Automation Consult 
ants, Inc., 1450 Broadway, New 
York City. $12.50 


This is a nontechnical 
manual on office electronics, written 
for anyone interested in office auto 
mation. The pages are assembled in 
loose leaf form, so that the volume 
can be kept up to date (through a 
yearly $25 service charge); the cover 
age, though comprehensive 5 re 
stricted to essential detail; and particu 
lar devices are discussed impartially 
Facts and applications, rather than 
theory and construction, are empha- 
sized; thus the account is largely de 
scriptive and easily grasped 

The text is divided into 45 chap 
ters assembled into six major section 
A good insight into the essential con 
tent is provided by citing the heading 
of each section and noting the number 
of chapters and pages constitutmg it 
“Commercial Section I: Automation 
benefactor of man, or progress without 
fear’ (chap 1-8. pp 1-33) is an 
iccount of different commercial a 
pects of office automation, with ex 
planation of existing applications and 


if ipidly de c lop 


reference 


opportunities in thi 

ing domain 
“*Hardware’ Section II: New ma 

chines for office automation and how 

you can use them” (9-29, 25-204 

a lengthy account of new office tocol 

common and native language 


machines for integrated data proce 


such i 


ing ncluding available communica 


tion ervices and associated equip 


ment. Under iew are telephone 


] 


telegraph, facsimile, and closed-circuit 


television facilities kevboard ind 


punched -card omputing machine 
electronic computer ind issociated 


m I } igl print 


Where Dependability 


is Vital 


Daven Rotary Switches 


Are Specified 
HERE’S WHY: 


Patented knee-action rotor — ensures low, uniform contact 
resistance, trouble-free operation. 


One-piece combination contact and solder lug 


solid - silver 


alloy contacts, gold plated to resist corrosion 


Turret-type solder lugs— provide excellent mechanical and 


electrical connections 


Roller -type detent—gives positive indexing action 


Minimum space—as many as eight poles on each deck 


Write for complete data, catalog 


“ DAVEN « 


540 West Mt. Pleasant Ave., Route 10, Livingston, W. J. 


Borg 900 Series Micropots 
offer everything you want 
in a potentiometer 


Versatilit to 5 gang models 


single or double shaft 


serva of 
bushing mount 


Permanent Accuracy Resistance 
element integrally molded within 
housing. Leads, taps and terminals 


firmly encapsulated 


Long Life Scanning action dis 
tributes wear across face of bar 


contact. Rigid, fixed lead screw 


(6, commercial and military 


7 Availabilit 


Dependal f Mechanically and 
4 electricall stable Eifectively 


sealed against dust and moisture 


Absolute Lineari l nitorm re 
sistance distributior No external 


trimming rec rea 


Specifications Meets extreme 
require- 


ments for all applications 


Quick ce eries on 


production quantities 


Borg 1100 Series Micropots 


Accurate, dependable 
coded leads for easy installation 


products a 


WRITE FOR CATALOG BED-A158 > 


BORG EQUIPMENT DIVISION EMI 
=e 2 een @ ee eee | 
JANESVILLE, WISCONSIN 


GEORGE W. BORG 


long-lived 


Has 9 incl 


Offers your 


ompetitive price advantage 


% 
Le 
r 
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Write to 


Hughes has been 

the leader from the 
beginning in 

applying electronic 
computers to 

airborne fire control 
equipment, Today 
every U.S. Air Force 
and Canadian 
continental defense 
interceptor uses 
Hughes-developed and 
Hughes-manufactured 
systems, 


HUGHES 


As the intercept problem becomes more and more 
automatic, additional equipment such as new-type 
computers, control surface tie-in (CSTI), autopilots, 
and other units must be integrated into the system 
Faster speed and heavier engines dictate more stream- 
lining—and hence less space for electronic gear. The 
result is even more miniaturization and compact 
packaging, evolved from special techniques. 

This all means that now the product design engineer 
is more important than ever before. In the Product 
Design Laboratory he is a vital part of the forma! 
link between the Research and Development activity 
and the optimum configuration and installation ar- 
rangements for the systems “black boxes.” 


H U G H E S for information regarding positions open. 


SCIENTIFIC STAFF RELATIONS 


HUGHES RESEARCH AND DEVELOPMENT 
LABORATORIES 


CONTROL ENGINEERING 


NEW BOOKS 


ers. Emphasis 1s placed on 
ind manifold po ibilith 
( mnputer 
Accounting Section 
method ind procedul 
05-212) is a short di 
tronic and automatic a 
ition with stre on 
benefits of recentl, 
hind Sociological 
Hlumanitics of automation 
205-234) remarks on ocial asp ts 
office automation, Prime emphasi 
placed on the various ways in which 
modern office automation can alleviat 
much of the tedious drudgery of pr 
ent-day conventional office work 
Scientific Section \ The 
techniques 39-44. 235 
in nontechnical terms the essential 
aims and efforts in operations research 
ipplied cybernetics, automatic pro 
gramming, information theory, gan 
theory, and associated topi 1) 
clopmental Section VI Applications 
just around the corner’ +5-46, 25 
283) tells how many enterprises not 
vet using electronic machines could 
idvantageously employ them 
I'he control or computer rinect 
with only a general interest fice 


P 
New Pure, Gowges 


MODEL 2020 
yk. vee Model 2020 aepneet Counter ‘is 
low cost re e@ counting ap- 
plications, where qpourary and onsite. 


nance- Pp q 

. Cold cathode counting and trigger tubes. 
with circuits, are used throughout 
which assure years of trouble-free counting 

service and low-power consumption. 
Model 2020 is a haw ol single preset 
counter capable of control id any operation 
that is repeated B® 9,999 times, Any num- 
from | to 9, may be preset on the 
selector switches. When the preset 
has been hed, the ter will 
provide an output pulse and close contacts 
on a relay. outputs may be used 
or separately to stop ma- 
yi poo control signals, or trigger 


additional " 








Maximum Count: 
Four digits — 9,999 
Maximum counting 
rate: 
300,000 counts 
per minute ll pounds 
Input Sensitivity Power 
and Waveform: 25 watts 
Not critical 105-125 volts 
Outputs: 50-60 cycles 
Relay contact Price 
10 Amperes $425.00 
Freed also menufactures Totolizing. 
Preset, and Counters 
Engineering assistance ng 
these counters to your 


| FREED TRANSFORMER CO., INC. | 


Pulse output 


| 1709 Weirfield Street 
L__Brooktyn (Ridgewood) 27, N.Y. 





automation may find the section on 
“Hardware” (about 60 per cent of the 
total volume) of most interest. How 
ever, the development engincer, office 
manager, busin executive, or other 


individual directly concerned with 


The ideal tube 
_2#> tor industrial service! 


data processing, and the sales engineer 


concerned with establishing modern 
equipment for such purpose in office ties HAT HAM 
practice, should find special values 
TWIN POWER TRIODE 


Type 6080WA 


throughout the book—and it is to this 
group that the text is esp ially di 


on Computers 


PROCEEDINGS OF THE EASTERN 
Joint COMPUTER CONFERENCE ON 
DESIGN AND APPLICATION OF SMALI 
Dicirat. Computers. 97 pp. Pub 
lished by the American Institute of 
Electrical Engineers, 33 West 39 


RUGGED, RELIABLE! Designed originally 

for severe military conditions, Type 

6080WA is now widely used in industrial 

equipment where long life under adverse 

conditions is essential. Type 6080WA 

is manufactured under the reliable tube 

program and rigidly tested to assure 

performance as specified. Tube plugs directly 

into any socket using the popular 6080 or 
6AS7G series regulator tubes 





Street, New York. N. Y.. 1955 


$3.00 


Design features include mount of heavy duty 
parts, shock insulated from the bulb by spring 6080 Wa 


\ modern automatic digital com metal snubbers. Mavi 


puting machine falls naturally into 
one of three broad categories: large 
ELECTRICAL DATA 


MAX. PLATE DISSIPATION 
13 watts per plate 
4506 


scale fully-automatic machine inter 
mediate-size machines, based largeh 
on magnetic drum storage; and pat SHOCK RATING 
tially-automatic computers entailing 

Ilustroted bulletin 


punched-card machine hese pro 
available on request— 


ceedings of the conference, attended 
by some 1,700 registrants at Philadel 
phia Dec. 8-10, 1954, under the spon 
orship of AIRE, IRE, and the Asso 


ciation for Computing Machinery, ar 


Le CHATHAM ELECTRONICS 


coll or write today Division of Gera Corporation—LIVINGSTON, NEW JERSEY 


concerned with machines of the last 
two categorie 
[he construction, performance, ap 
plication ind relative merits of a Operating 
it-aalel-ig-litig 
range from 


-~65° to +100° © 


number of American computing ma 
chines are discus Indicative of a 
trong rel trend in compute! 
design iccount of the Bell 
lcleph iboratori PRADIC 

prototype irgely of point-contact sa 
transistor 7. 


Special components and technique 


ti CO cred Ili Ppapcl On high peed i rnational 
punched tape CqQuiprin nt h rh peed 

: selenium cartridge 
rectifiers 


printer magnetic-core ircuit ind 
various procedures for increasing thi 
cfheacy of magnetic-drum system 

I'he computer engineer will find 
these proceeding of value for the in Designed for long life and dependability ese high voltage 
formation the on munportant cartridge rectifiers contain the most re e components 
current advance | 1] level : known to the industry. Completely shock rasistant, they ore 
yping field ideally suited for compact, low current of ations, 3 types 
Phenolic Cartridge; Moisture sealed, Hermetically sealed. Cur 
Phomas |]. Higgin 


of Electrical Engineering 
Universit f Wisconsin 


rent ratings trom 200 microamperes to 100 milliamperes Ovt- 
ai 


put voltage ratings up to 6,000 volts per cortr 
me 
Briefly noted 


\ (, \ brow (CONSTANTS The 
Foxboro Co., Foxboro, Mass. 111 pp 


Tans-l gat: halelat-|mnt-ioadbal-ig 


$10.00. This manual supplement to ' 


t 
Prin ipl and Pr actice of I low Mi fer 


-- ] | ‘ ) ; i $&6 as) PHONE OREGON 6.628 
~] TT 


P i ° N 


] ngineerng ntain 
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...about the NEW 
Servoscope’” 


There's a new look about the 
Servoscope multiple signal gener 
ator. At the request of many engi 
neers who use Servon ope continu 
ously in their work, we've redesigned 
the face panel human-engineered 
the dials, switches and information 
display to reduce fatigue and in 
crease accuracy 

Servoscope saves valuable man 
hours in the design and analysis of 
servo equipment. With Servoscope 
you have a direct method for meas 
uring gain and phase shifts of any 
component or system in the sub- 
sonic frequency ranges. Just by 
turning the big phase dial, you can 
read the phase shift of the servo 
system under test. Servoscope gen 
erates three types of signals — sine 


wave, modulated carrier, and square | 


wave 

Servoscope is an extremely versa 
tile test instrument. Its applications 
range from automatic flight control 
design to testing computer response, 
checking vibration, and simulating 
rate gyro { 

For the full story on Servoscope, 
please fill in your name and title in 
the section below. Attach it to your 
company letterhead and mail it on 
to me 


ee 


Chief yntrot Systems Engineer 


Electro- 
mechanical 
Control Systems 
and Component 
for Industry by 


ole] i.e]. 7- Wale). | 


Tom Westover, Dept. W.4 
Servo Corporation of America 
H 20-20 Jericho Tpke., New Hyde Park, L.1., N.Y 


Please send me more information on 
Servoscope 


Name 
Title 


170 CONTROL 


NEW BOOKS 


alculations 
deve lope d by Bucking 
of sizes, 
of orifices with 


matically computed flow 
of equations 
ham. Speeds 
coefhicients, and flow 
flange taps 


computation 


Reactor Fundamentals 


lHerMAL Power FROM NUCLEAR 
Reactors. A, Stanley Thompson 
and Oliver E. Rodgers, 6 by 9 in 
229 pp. Published by John Wiley 


( Sons, Inc., N. Y. $7.25 


I'he control engineer creates ¢ ontrol 
arrangements for systems and_ proc 
esses. To do a thorough job he must 
know at least the fundamentals of 
the process, particularly with re spect 
to the variables that require control 
ind he must be f other fac 
tors such as safety to personnel and 
equipment. One of th 
esses attracting the 


iwal¢ 


newel! proc 
of the 


nue leat 


ittention 
control specialist is that of 
reactor 

Although this primarily 
with nuclear reactors per se, the clear 
presentation of this 
terial allows the 
grasp the 
effort 

I'he introduction should definitels 
be read, for it contains a description 
of a nuclear reactor and defines term 
and concepts unfamiliar to persons 
not directly concerned with the field 
of nuclear In exceptionall 
English and by means of fin 
layouts the authors describe nuclear 
considerations, reactor equations and 
reactor kinetics, shield 
ing, materials, and power extraction 

Since the subject is highly technical 
and involves some math 
often required to talk in 
terms. But sufficient conclu 
occur in the text to allow th 
reader in search of “gists’”’ to gain some 
insight into the machinations 
reactor. The book is peppered 
with succinct comments For in 
stance, after a lengthy dissertation on 
nonlinear behavior of reactors and re 
control the authors state, “Tt 
may well be that the nonlinear con 
siderations are involved only in oscilla 
tions of such magnitude, in a power 
reactor, as to be only the result of an 
accident of which the consequences 
are very serious. In this case it is 
the prevention of the physical phe 
nomenon which is important and not 
its mathematical analvsis.”’ 


book deals 


fundamental ma 
interested reader to 
oncepts without excessive 


energy 


clear 


critical mass 


idvanced 
they ar 
these 
s1ONns 


ron va 


of the 


actor 





7—FAMILIAR FACES 


7 Famous Features 


TORK TIME SWITCHES EMBRACE 
ANY REPEATING TIME RANGE 
FROM SPLIT MINUTES TO WEEKS 


On’ and ‘off’ any time you desire 
Follow sun-time all year around 

Skip minutes, hours, days or weeks 
Constant, time delay or momentary 
7 varieties of dials, uses galore 

Indoor, outdoor ot explosion proof 
24-120-230 or 440 volts A.C. only 


Tork Does All These Things, Avotmatically 


34 YEARS OF AUTOMATIC TIMING 


Synchronous Power from 
40° to +140" F. 


Tork Literature is Free. Ask For It. 
Bring Your Problem to Us in Detail 


Use The Best——Be Sure—Write Today 


The TORK CLOCK CO., Inc. 


Meunt Vernon, New York 


METER-RELAYS 
For Sensitive and Accurate Control 


RANGES: 


0/20 Ua. to 
fF 60/50 A... 
0/5 Mv. to 
0/500 V. 
The trip point 
is adjustable to 
any point on 
the scale arc. 
These meter-relays are sensitive to 
changes of as little as 1%. One con- 
tact is carried on moving pointer. The 
other is on a semi-fixed pointer. When 
two pointers meet contacts close and 
lock. Holding coil is wound directly 
over moving coil. Reset can be man- 
val or automatic. Spring action in 
contacts kicks them apart forcefully. 
Three sizes of clear plastic case models, 
2%, 3% and 41 inches (all rectangular) 
Two ruggedized and sealed models, 
2% and 3'% inches (round metal cases) 
Contact arrangements: High Limit Sin- 
gle, Low Limit Single or Double (both 
high and low). Contact rating is 5 to 
25 milliamperes D.C. 
Suggested circuits for meter-relays and com 
plete specifications including prices ore cov 
ered in new 16-page Bulletin G-6, which you 


can get by writing Assembly Products, Inc, 
Chesterland 22, Ohio 


Model 261-C Range 0/200 DC 
Microam peres Price $33.00 








Transmitter constantly 
converts DC mv from ther- 
mal converters, etc. to 10- 
30 cps which frequency 


Accurate 
HIGH-SPEED modulates an audio tone 
channel. Receiver detects 


Continuous and demodulates trans 


mitted signal, generating 

for a DC mv for opera 
POWER tion of recorders or 
PRESSURE = indicating instruments. Up 
HUMIDITY uitiplened, Any com. 
POSITION munication link, including 

VOLTS power line carrier, may be 
SPEED, ETC. used. Overall accuracy is 
1% with a response speed 
of 1 sec. 

Other terminals for tel 
etype, voice-plus-control & 
data transmission are 
available 


“Write for Technical and Application Data” 


Kado Frequency 
LABORATORIES, INC. 
Boonton, New Jersey, U.S.A 




















Hunter KLOCKOUNTER does the ob of « 

clock and « counter, The KLOCKOUNTER will 

events at « rate of 2000 per second Time 

intervals units of one-tenth, one-hundredth, or 

one-thovsandth of @ second can he measured The 
KLOCKOUNTER is completely silent in operation 

he Hunter KLOCKOUNTER is an instrument which 


today. And. . 
on or Hunter equipment by 
it 9 important te you end you'll saiweys 
be gied you did 


HUNIER 


MANUFACTURING COMPANY 
930 South Linn St lowa City, lowe 
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NEW BOOKS 


Electronic Circuits for You 


ELECTRONIC ENGINEERING. Samuel 
Seely, Professor of Electronic En 
gineering, Syracuse University, 6 by 
) in., 525 pp. Published by M« 

Graw-Hill Book Co., Inc., 330 W 

42nd St.. New York 36, N. ¥ 


his new book is mtended as a 
ompanion to Professor See 
ly’s Radio Electronics. ‘Vogether they 
repre sent a revision and extension of 
the author’s Electron-Tube ( 
This book discusses in detail a wide 
ariety of circuit Cu 
cuits that are important prin ipally in 
idio are excluded here and covered 
in the companion volume. A number 
if circuits of interest both in 
ind nonradio applications are in 
luded, however. Some of the mate 
rial here is exactly duplicated in Ra 
lio Electronics to make 
independently useful 

Generally 


volume 


ircuit 


electronic 


I idio 


both volume 
discussion of a circuit 
begins with a physical explanation of 
Ihe 
lyzed mathematically to 
etiects of the 
its operation 
matical description 
methods are used to demonstrate dif 
ferent analytic approaches 
T he book pe nds considerable pa 

lescribing and analyzing basic elec 
tronic elements and concepts that ar 
ommon to many 
ussed later 


it operation circuit is then ana 
examine thi 
ious parameters mn 
derive its math: 


Otten 


ind 


sCVCTAl 


of the circuits di 
The first hundred pag: 
ire spent in this manner. The first 
hapter, 45 pages long, is titled “Cha 
icteristics of Electron Tubes It ce 
tribes, with due thorough th 
| and physical characterist 
if all kinds of vacuum and gas elect 
ubes—diodes and triodes, multi-« 
tubes, high-power amplifi 

thyratrons and ignitrons, simple glow 
lamps, and cathode-ray tubes, to na 
few 

[he next several chapters follow 
nthe ind are titled 
Vacuum Triodes and Circuit Elke 
nents Basic Amplifier Principle: 
Untuned Potential Amplifier ind 
Chapter 6 
ymmnputing Circuit 
inalog ) the part of the book 
that ind analyzes 
lectronic circuits of wide 
Subsequent titled 
ial Electronic Circuits” limiters 
lipper Oscillator 
Heavily Biased Relaxation Circuit 
Saw-tooth Sweep Generator Spe 
cial Sweep Rectifiers” 
“Rectifier Filters and Regulato 
“Electronic Instrument 


nent 


ime ein 


Feedback in Amplifiers” 
Electroni C 
open 
discusse pecifi 
interest 
hapters ire ‘Spe 


lam per ct 


(,enerator 


ind 


- a> 
...about the NEW 
Servoboard* 


sluable 


Servoboard an iw 


time-saver 
into a 
testing the life 


ystem and its com 


i ransiating «a 
working model: in 
expectancy of a 
short-run 


ponents and s6in) testing 


production of associated electronix 
component 

The new Servoboard has tapped 
that 


assern 


holes on the mounting board 
quick CAny 
from the 


components to be 


not only provi 
bly of 


also 


components top but 
permit 
mounted angle your design 
« designed the mount 
that they 


other 


require We 

ing board “> stack one 
to conserve bench 
added brand new 
new magnet 
differentials, shaft adapt 
tops, anti-backlash gears 
sand calibrated in 


ibove the 
And we've 


precision 


pace 
components 
ic clutches 
er lirnit 
witch assembln 
ertia load disk 
Servoboard electro mechanical as 
sembly kits are 
the design 


being widely used in 
ind testing of control and 
guidance tems, open or closed loop 
high accurac inalog computer sub 


assermblic instrumentation; servo 


motor drives; gear 
ind regulators 

the new 
fill in your name 
Attach 
letterhead and 


Mors figs ; 


mechanism 
trains, timer 

For the full 
Servoboard, please 
and title in the 
it to our 


story on 


ection below 
ompany 


mail it on to me 


Manager of 
tngineering 
Services 


SERVO 


Lote] i249), 7 Sale), ) 


MF 


A he 
Lioyd Knight 0 
Servo Corporation of America 
20-20 Jericho Tpke, New Hyde Park, L.!.. WY 
Please send me more ntormation on 
Servoboard 
Name 
$ Title t 
=m S = = = ee 
APRIL 1956 


71 





MARSH 
MAKES IT! 


" If it’s a pressure gauge or dial ther- 
mometer, Marsh makes it...and makes 
it better. The types, ranges and case styles 
are endless. What is “special” to other 
instrument makers is often standard to 
Marsh. To know the scope of Marsh 
instruments— 


Write for 
this 
fact-filled 


MARSH INSTRUMENT CO. Sales Affiliate of jas, P. Marsh Corporation 
Dept. Y, Skokie, 11, © Marsh lnstrument & Valve Co. (Canada) Ltd, 6407 
10rd Street, Edmonton Alberta © Export Dept., 3501 Howard Street, Skokie, |I!. 


Electronic Engineers 


Opportunities Wnlimited... 


with the manufacturer of DATATRON 
Electronic Data Processing Machines 


ElectroData Corporation has become in little more than a 
year the third ranking company in the digital computer field. 
The company recently moved into its new, ultra-modern, 
40,000 square foot plant—completely air and sound-condi- 
tioned—in Pasadena’s scenic Hastings Ranch area. Threefold 
expansion of facilities can be expected in the next few years. 
This dynamic growth has created innumerable openings in 
all phases of computer design, development, application, test, 
and customer service. Excellent salaries, employee benefits, 
and profit-sharing accompany these positions. If you qualify 
for high standards . . . send your resume to: 
R. A. Alexander, 
Personnel Director 


CONTROL ENGINEERING 


wHatT’s AHEAD: MEETINGS 


MARCH 


Institute of Radio Engineers, National 
Convention, Kingsbridge Armory 
and Waldorf-Astoria Hotel, New 
York Mar. 19-22 

American Society of Mechanical Engi- 
neers, Instruments and Regulators 
Div., Second Divisional Confer 
ence, Princeton University, Prince- 


ton, N. J Mar. 26-27 


APRIL 


American Institute of Electrical Engi- 
neers, Southwest Meeting on “Ele 
tricity in Aircraft’, 60 exhibits, 
Baker Hotel, Dallas, ‘Tex. Apr. 2-4 

Special ‘Technical Conference on Mag- 
netic Amplifiers, sponsored by 
American Institute of Electrical En 
gineers, Institute of Radio Engi 
neers, Instrument Socicty of Amer 
ica, Hotel Syracuse, Syracuse, N. ¥ 

Apr. 5-6 

Scientific Apparatus Makers Associa- 
tion, 30th Annual Meeting, Belk 
view-Biltmore Hotel, Belleair, Fla 

Apr. 8-12 

International Exhibition on Instru- 
mentation - Automation, Norwegian 
Industries Development Associa 
tion, Royal Norwegian Council for 
Scientific and Industrial Research 
Abelhaugen Halk, Oslo, Norway 

Apr. 9-2 

American Management Association, 
Special Conference on System 
Planning and Control, including 

Systems Role in Electronic Data 
Processing’, $75 fee, Hotel Roos 
velt, New York Apr 23-24 

American Institute of Electrical En- 
gineers, Conference on Recording 
and Controlling Instruments, Brad 
ford Hotel, Boston Ap! 6-27 


MAY 


Instrument Society of America, S« 
ond National Flight ‘Vest Instru 
mentation Symposium, Hotel ‘Texas, 
Fort Worth, ‘Tex Mav 6-9 

Institute of Radio Engineers, Na 
tional Conference on Acronautical 
Electronics, 70 exhibits, Hotel Bilt 
more, Dayton, Ohio May 14-l¢ 

Symposium on Reliable Applications 
of Electron Tubes, RET MA Engi 
neering Department IRE Prof 
ional Group on Electron Device 
ind JETEC, University of Pennsyl 
vania, Philadelphia, Pa. May 22-23 

American Society for Testing Mate- 
rials, Fourth Conference on Ma 
Spectrometry, Netherland Plaza 
Hotel, Cincmnati, Ohio M ] 











EXCEPTIONAL 
OPPORTUNITIES 


SERVOMECHANISM 


ENGINEERS 


with 
INITIATIVE 


in the expanding Systems 
Section of North American’s 
Columbus Division 


Apply now for analysis and 
development work in servo- 
mechanisms in the follow- 
ing fields: 


Hydraulics 

Dynamic Analysis 

Analog Computer Applications 
Guidance & Control 
Mechanical & Electromechanical 
Automatic Controlling Systems 


M.Sc. or equivalent experience in 
aircraft or related fields required. 


Contact 
J. H. PAPIN 
Personnel Manager 


Dept. 56 CE 


North American Aviation, Inc. 
Columbus 16, Ohio 


NORTH 
AMERICAN 
AVIATION 


COLUMBUS DIVISION 








EMPLOYMENT OPPORTUNITIES 





Picture of a young man 


Planning a 
Suecesstul Future! 


Success doesn't just happen to a 
company or to an individual. Success 
comes as a result of clear thinking and 
long-range planning. 

And that is just what the young 
engineer in the picture is doing. He 
is studying the many possibilities of a 
career in guided missiles. 

The book he is reading is entitled 
"Your Future in Guided Missiles with 
Bendix". It is one of the most complete 
guides to job opportunities in the 
guided missile field. It also contains a 


Nome 
Address 


City 


Please send me a copy of the book 


"Your Future in Guided Missiles.” 


detailed background of the functions 
of the various engineering groups such 
as systems analysis, guidance, tele- 
metering, steering intelligence, com- 
ponent evaluation, missile testing, 
environmental testing, test equipment 
design, 


other 


reliability, propulsion and 


important engineering 
operations. 

Here is exactly the type of informa- 
tion that every ambitious engineer 
should have if he is concerned about 
his future. A copy of this thirty-six- 
page book is available to you. Just 
fill in the coupon. It may help you plan 
your successful future 


aoa ep ap anen an as an awe ee enaneuen as 4 
BENDIX PRODUCTS DIVISION 


MISSILE SECTION 
404C, Bendix Drive, South Bend, indiana 


_————— 
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ENGINEERS 


You, the time, and the place are the 
elements which determine your future. 


x id ato. 
* 4 dynamic leader in the 
field of magnetic ampli 


fier control equipment 


| Investigate the advantages of associ- 


| ation with Vickers Electric Division 


(a 
unit of Vickers Inc. of Detroit and 
Sperry-Rand Corporation) 


MECHANICAL DESIGN ENGINEER 


Mechanical design and development of air 
and water cooled clutches of the magnetic 
particle type ranging in size from less than 
1 H.P. to 600 H.P. Knowledge of funda- 
mentals of electrical engineering. Some 
production background desirable. 


ELECTRICAL ENGINEER 
SPECIAL PRODUCT DESIGN 


Design and development of special motors 
and various other type units. Preferably 
have experience with fractional and small 
integral horsepower motors. 


ELECTRICAL ENGINEERS 


Immediate openings in the following fields 
for both junior and senior engineers at 
all levels: 

Reactor and Magnetic Amplifier Design 
Semi-Conductors (E. E. or Physicist) 
Servo and Regulator Systems 
Magnetic Particle Clutches 
Nuclear Instrumentation 
Rectifiers (Selenium, etc.) 
Arc-Welder Equipment 
Sales Application 
Vickers Electric is a moderate size company 
which in being a young organization, growing 
rapidly and having diversified engineering and 
production, offers real opportunity to the engi- 
neer to fully utilize his abilities, progress rapid- 
ly, and acquire broad experience and training 


Write for our brochure “ENGINEERING WITH 


A FUTURE.”’ 
Airmail inquiries to 


Mr. Carl C. Schudde 
DIRECTOR OF PERSONNEL 


VICKERS ELECTRIC DIVISION 
VICKERS INCORPORATED 


Unit of Sperry-Rand Corporation 


1815 Locust Street, St. Louis, Mo. 
<A 





Manufacturer of Commercial Engineering 
Salary $/2,.000 

8.8.M.E. Or B.S.E.€. Age about 35. Experience In 

design & manufacture of small electro mechanical 

devices made in medium volume. Coordinate with 

design engineering, sales & manufacturing modifi 

cations to basic fine of about 100 standard items 

Ceo. pays all expenses 

MONARCH PERSONNEL 26 E. Jacksor 
Chicago 4, ti! 


Biva 








PROJECT ENGINEERS 
$8,000 to $12,000. With experience in controls, 
serves, instrumentation, process, research, applica 
tion and design. Will head up entire multi-product 
program. All expenses paid. Send resume to 
J. J. COOPER 
4 E. Jackson Bivd Suite 940 
Chicago, 1 WAbash 2.1918 


Prompt and confidential service 
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ENGINEERS 


Honeywell 


“First in Controls” 


OFFERS EXCELLENT 
OPPORTUNITIES IN 


NUCLEAR 
ENGINEERING 


PROJECT 


with nuclear science back 
ground Position requires interest 
und ability in the design of control 
systems Employment with 
HONEYWELL offers broad oppor 
tunities in the nuclear field 


RESEARCH 


including analysis of electron 
ontrols and control systema, using 
ontrol theory and analog tests 
Variety of other applied researct 
activities 


DEVELOPMENT 


of electronic and electro-me 

hanical devices for detection and 

ntrol of all types f industrial 
cess variables 


development and design of 
‘ iplex industria! instrumentation 
systems, data reduction and data 
handling systems 


development of pneumat and 
echanical devices for flow meas 
irement and control and other 
amall electromechanical ontrols 
and recording inetrur 


APPLICATION 


personal contact witt is m 
determining exact needs for 
tom-bullt devices or systeme 
ermine feasibility of manufac 
ne especial producta by estimat 


engineering necessary 


Contact Our Representative 


MR. D. R. GARVEY 


HONEY WELL 
BROWN INSTRUMENTS 


Wayne & Windrim Avenues 
Philadelphia 44, Pa. 











& 
auear Sen 
eae 


Tree 


Today, its roots are feeding research and develop 
ment activities on more than a dozen top-rated pro) 
ects, including 6 guided missile programs, 4 aircraft, 
a major air defense system, an earth satellite launch 
ing vehicle and a variety of highly specialized weap- 
ons systems 

Main branches of the Martin electronics tree include: 

SYSTEMS DESIGN for radar, guidance, ec nunica 
tion, navigation and reconnaissance systen 

CIRCUIT DESIGN for tuners, receivers, digital com 
puters, memory devices, advanced data processing 
equipment, and a wide range of Spec ial we apo! tems 
omponent 

THEORETICAL STUDIES for microwave compo 
nents, antennas, radomes for missiles and high-speed air 
craft, and many advanced design applicatior 

Electronics engineering at Martin ia second to none 
in the industry today, and our advanced programs 
are creating many important new opportuniti Con 
tact J. M. Hollyday, De pt CE-04, The Martin Com 
pany, Baltimore 3, Maryland. 


eee 
MUA 24 FET 2 Pa 
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EMPLOYMENT OPPORTUNITIES 


ENGINEERS 
ARMA p/0N6ES in 


INERTIAL NAVIGATION 


Immediate openings for 
Supervisory and Staff 


positiona as well aa for 


Senior Engineers, 
Engineers, and 
Associate Engineers 


experienced in 
SYSTEMS EVALUATION 
GYROSCOP ICS 
DIGITAL COMPUTERS 
ACCELEROMETERS 
TELEMETRY 

GUIDANCE SYSTEMS 
STABILIZING DEVICES 
SERVGMECHANISMS 
AUTOMATIC CONTROLS 
THERMODYNAMICS 
OPTICS 
ENVIRONMENTAL RESEARCH 
TRANSFORMERS 


Send resume to 
Technical Personnel Dept. 2-500 


Ma Fi ha A Division of American Bosch Arma Corporation 


Roosevelt Field, Garden City, Long Island, N. Y. 





Opportunities in... 


INDUSTRIAL ELECTRONICS 


RESEARCH and DEVELOPMENT ENGINEERS 
PHYSICISTS + SALES ENGINEERS 
SYSTEM ENGINEERS 


Work in the following fields: 


ELECTRONIC WEIGHING * ELECTRONIC CONTROLS 
ELECTRICAL TRANSDUCERS * DATA HANDLING 
SERVO MECHANISMS 


Growth Opportunities Created By Company's 
Expanding Activities In Non-Military Industrial 
Electronics Contracts. 


Send resume to: 


MR. G. C. REISER 


TOLEDO SCALE CO. 


Telegraph Road . Toledo, Ohio 








COMPUTER 
DESIGN 
ENGINEER 


iaison work 
contractor on devel 
irge analog to 
system, and will 
the design and 
of an analog 


complex missile 


FORWARD RESUME TO 
The Ramo -Wooldridge 
Corporation 


8820 Bellanca Ave.,Los Angeles 45, Calif 





INSTRUMENT SALES ENGINEER 


Large and fast-growing industrial instrument man 
ufacturer has openings for electrical, mechanical 
or chemical engineers in Detroit, Les Angeles and 
Boston. Good opportunities for advancement. Should 
have sales aptitude with strong engineering back 
ground 
P-9246, Control Engineering 
330 W. 42 St Yew Yor 6, N. ¥ 











$ SALES REPS. WANTED 


For Complete Line of Telemetering, 
Control and Telegraph Terminals 
We seek a few experienced sales engineer 
ing reps. to serve customers & call or 
pects in Northwest, Southwest & South 
RADIO FREQUENCY LABORATORIES, Inc 
BOONTON, NEW JERSEY 


pre 








SYSTEMS ENGINEER 
Analysis application and development of counting 
and computing devices in data handling and c« 
trol systems and in other potential system applica 
tions. Experience should preferably include degree 
in electrical engineering or elect ‘ and experi 
ence with businese machines computing 
ete. Write Details and salary expected to 
Root, tne 0 Sargeant St Harttore 
World's largest manufacture of count 
puting devices 











EMPLOYMENT 
OPPORTUNITIES 


UNDISPLAYED RATE 
$1.80 per line, minimum 3 lines. Position 
Wanted ads in this style, 12 the above 
rate. To figure advance poyment count 5 
average words to a line 


DISPLAYED RATE 
The advertising rate is $17.80 per inch for 
all advertising appearing on other than con 
tract basis. Contract rates quoted on request 
New advertisements received by March 29th 
will appear in the May issve 
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DU PONT 


now has 
available 


one career position of 
major responsibility 


IN AUTOMATIC PROCESS 
CONTROL ENGINEERING 


Our Engineering Service Division 
has immediately available a chal- 
lenging position for a graduate 
chemical, electrical or mechanical 
engineer experienced in research, 
application, consulting, or design 
of automatic controls for chemical, 
mechanical or aeronautical appli- 
cations. 


Successful applicant will provide 
consulting advice to operating 
plants and development labora- 
tories on the application of auto 
matic control to new processes and 
for the improvement of existing 
processes, Position will require the 
study of process controlability by 
analysis of open and closed loops 
and the measurement of control 
characteristics of instrument com- 


aU PONT 


Better Things for Better Living 
--- through Chemistry 





Please send complete resume, 
including details of education 
and experience, to 


Mr. J.C. Costello, J. 


Engineering Department 


E. |. du Pont de Nemours & Co., Ine. 


Wilmington 98, 
Delaware 


EMPLOYMENT OPPORTUNITIES 


A land with a climate 
where your ideas can grow 


You begin to hunt for such a climate when you see your ideas stagnating in 
the airless confines of a company too small—or lost in the bog of one that’s 
too big. 

You promise yourself it’s climate you'll look at, this time when you pick 
a job. Management climate—because that’s where ideas find sunshine—not 
the big freeze. 

So you look for a company where Management recognizes a hot idea when 
it comes up from the lab. You look for a company where Sales knows how 
to take hold of a good idea and move. You search for a department without 
pigeon holes; you want to work, not roost. 

That's why Stromberg-Carlson’s story should appeal to you. Since World 
War II our volume has increased 16 times, thanks to good ideas accepted 
and promptly applied. Recently we joined the headline-making General 
Dynamic s Corporation, making the ionosphere the limit on your future here 

As two or three generations of Stromberg-Carlson’s engineers can tell you, 
the climate in this scientific-industrial city of Roc hester seems to stimulate 
live minds. You meet next-door neighbors who know what you're talking 
about. You enjoy winter sports, summer boating, good music, fresh theater 

and a salary-bonus plan that lets the good way of living be yours. It 
should be, when you choose a lifetime job. 

The list below shows where there’s room for you and your ideas to grow 
Dig in now—with a detailed letter to Mr. Howard L. Foote, at the address 
below. We think you'll like what he has to say to you 


RESEARCH: Communication and Data Systems * * Automat Test Equis Numerical Con 


Information Theory * Semi-Conductor ¢ Digita trol * Computers « strument and 


Techniques * Servo Mechanisms « Electror Power Servos * Produ asienar 
Switchin coustic Transducers « Magnet 
witching * A ansduce agne WIRE COMMUNICATION costes Gttteninaite 
Amplifiers * Nucleonics * Microwave ment « Telephone instruments * Wireline Car 
. vene Mult 4 oe Ti . 

ELECTRONICS: Radio Communications *« Mechan noe . Sroqust y Mi { keting © 

nsistor Circu ° , es ; 
al Design Engineering * Infrared * Automatic on ry Ele 


Test Systems * Countermeasures * Navigationa TORRENS SOG eee 
"y" , 7 , ” Systems 

Systems * Radar * Computer Techniques °¢ 

Military Transistor Applications « Missile Guid AUDIO-ACOUSTICAL: Transtormer Tape Re 

ance Systems ¢ Microwave Development corders * Audio Amplifiers dspeakers 

Electronic Carilions «+ ntercomr ation Sys 

AUTOMATION: Systems Engineering * Automatic tems ©¢ Auto Radio « fv Jio High F 


Assembly ¢ Transistors « Amplifiers & Filters delity * Sonar 


STROMBERCG-CARLSON COMPANY SC 


ENE RAL OVYNAMICS cone RATION ete 


ROCHESTER 3, WN. Y. © Plants at Rochester, N. Y., Los Angeles. Calif, and 
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EMPLOYMENT OPPORTUNITIES 





SERVO 
DESIGN 
ENGINEERS 


With experience in: 


* Precision data 
systems 

© Hydraulic Power 
servos 


advancement. 


WAYLAND LABORATORY 


@ Full tuition paid tor pied ed 


The control of Radar and Weapons 
systems is becoming ever more ex- 
acting. Raytheon is a leader in the 
application of Servo Controls and 
can offer you an unusual oppor- 
tunity for professional growth and 


The location of 
this new laboratory, 
in a suburban com- 
munity near Boston, 
offers you a choice 
of city or country 
living. 


A brief resume 
form and a brochure 
describing this new 
laboratory may be 
obtained by writing 
to Mr. Robert E. 
Doherty. 


RAYTHEON MANUFACTURING COMPANY RAYTHEON) 
WAYLAND, MASS. 





rams. 
@ Interviews and re! ti ex 





” 


paid. 


l pro- @ Progressive salary review system. 
@ Liberal employee benefit program. 


@ Research 
® Testing 
@ Design 
® Patents 





Instrumentation 
Control Systems 
Economic Studies 
Management 








APPLIED TECHNOLOGY 
Consultant and Development Engineers 
INDUSTRIAL ELECTRONICS CONTROLS 


Photo-cell control systems, test equipment, custom 
electronic and magnetic amplifiers and power sup 
plies, analog and digital circuitry and applications 


Box 127 Baldwin, New York 








GEORGE P. ADAIR ENGINEERING CO. 
Consulting Engineers 


Electronic Controls 
Telemetering 
Television 


Electronic Processing 

Communications Microwave 
Design Development Research 
Application 


1610 Eye Street, N. W Washington 6, D. ¢ 
EXecutive 3-1230 














RCA's aviation systems 
laboratory ... at Wal- 
tham, in suburban 
Boston, broadens its re- 
search and development 
programs on electronic 
control systems for 
newest supersonic air- 
craft and missiles 


If you are interested in 
any of these programs, 
send a summary of edia- 
cation and experience to 


Dr. Robert C. Seamans, Ir., Manager 
Aviation Systems Laboratory 

Radio Corporation of America 

Dept. B-15D 

225 Crescent St., Waltham, Mass 





® 
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RADIO CORPORATION OF AMERICA 


DEFENSE ELECTRONIC PRODUCTS 


Engineers and Scientists: 


RCA...in New England 


grows in 


Aviation Electronics 


Control Systems 
fire control, automat 
flight, 
isms, system analysis & 
synthesis, instrumen 
tation 

Target Sensing 
radar, antennas, in 
frared, optics 

Digital Computers 
systems & logic, pulse 
circuits, transistor cir 
cuitry, programming 

Mathematical Analysis 
network theory, statis 
tics 

Mechanical Design 
heat transfer, 
& vibration 


seryvomer han 





ENGINEERING 


HANSON-GORRILL-BRIAN INC. 
Specialized Control Systems 


ELECTRICAL - ELECTRONITK 
HYDRAULIC MECHANICAI 


tien Cove 








SVERDRUP & PARCEL, INC. 
Engineers—Architects 


prehensive Cont Engine 
Systems anatysis and design 
and instrumentation for atom 
ical plants petroleum refine 
plant test fac 
industrie 


g 


) Olive Street 








WALSH ENGINEERING CO. 


Design and Prototypes 
of Electronic Apparatus 
in which Transformers and Magnetic Components 
are especially important factors in Performance 
Size, Weight and/or Cost 
34 DeHart Place Plizabeth, NJ 
ELizabeth 2-7600 











CONSULTANTS 


When you are represented in the PROFES- 
SIONAL SERVICES SECTION of CONTROL 
ENGINEERING, you are contacting the ex- 
ecutives who are responsible for calling in 


the experts. 


For further information on how to reach 


these executives, write 


PROFESSIONAL SERVICES SECTION 
CONTROL ENGINEERING 


330 W. 42nd Street, 
New York 36, N. Y. 














How to be the happiest 
creative engineer 
in California 


$eckman Instruments, Inc.* offers 
E.E.'s, M.E.'’s, Manufacturing, and Sales 
Engineers the kinds of jobs that crea 
tive men dream about. Top salary, all 
employment “extras” including our Edu- 
cational Assistance Plan, modern facil- 
ities and personal recognition that 
comes naturally with our decentralized 
operation. Small town living...but near 
metropolitan areas in either Fullerton, 
So. Pasadena, Newport Beach, Rich- 
mond or Palo Alto 


*We're pacing the commercial electronics 
field ($3,000,000 sales in 1949 to $21,000,000 
sales in 1955) and we'll be disappointed 
if you don't grow with us 


Beckman /wirvnn: ae 


Write Beckman Instruments, Inc., 2999 W. 6th 
St.,Los Angeles 5, Calif. Ask for Career File # 31 


CONTROL TRANSMITTER 


(CLASSIFIED ADVERTISING) 
SALES @ BUSINESS 
EQUIPMENT (Used or Resale) 


“OPPORTUNITIES” 


UNDISPLAYED RATE 
(Not available for equipment advertising) 
$1.80 per line, minimum 3 lines. To figure 


advance payment count 5 average words to 
a line 





DISPLAYED RATE 
The advertising rate is $17.80 per inch for all 
advertising appearing on other than contract 
basis. Contract rates quoted on request 











MINIATURE AIRCRAFT * 

TELEPHONE TYPE * HERMETICALLY 
SEALED * SENSITROLS * STEPPING 
SWITCHES * GUARDIAN * KURMAN * 
ALLIED * SIGMA * LEACH and many others 


ee STOCK OF RELAYS IN THE WORLD 


PRODUCTION QUANTITIES IN STOCK 
Send for our latest bulletin C 








- 324 CANAL ST_ NYC. 13. NY. Walker 5-9647 
Universa general corp. 





LOW TEMP. TEST UNIT 
KOLD . HOLD has three separate chambers 
equipped with programming timers, humidity cor 
trois, temperature and altitude records 
with compressors and ali accessories 
ew. Low pri 


Complete 
Practicaliy 


Electronics Products Co 
15 S. First St., Geneva, Ill. Phone Geneva 7150 








EMPLOYMENT OPPORTUNITIES 





Electronic Mechanical 


a inf CROW 


Currently we seek men 


with ex perienee lle esd AT Mi E LPA R 
0 Qo 


more of the} 
e Network Theory More and more these days you hear top engineers talk about the 
« Systems Evaluations many growth opportunities at Melpar 
e Microwave Technique number of significant electronic projects, an enlarged staff 
e UHF, VHF, oF - and facilities, Melpar provides many opportunities for 
SHF Receive 
e Analog Computers a building conceived 
. ae ory — by and constructed for the ENGINEER — 265,000 
@ Digital Vo sq. ft 
e Radar and 
Racountermeasures of northern Virginia where 
« Packaging Electronic housing is reasonable and plentiful —whether you desire 
ag oor a private home or an apartment. Although we are in a truly 
pp hee Filters suburban atmosphere, we are only 10 miles from the 
« Flight Simulators nation's capital with all ics recreational and social 
e Servomechanisms advantages. Here you and your family 
e Subminiaturization 
 Electro-Mechanical 


Design Send resume te Technice! Personne! Representetive 
e Small Mechemens 
e Quality Control an ' : 

Test Engineers me par, ne. 


A subsidiary of the Westinghouse Aw Brahe Co 





With an increasing 


professional growth and advancement. Our new laboratory 
iS am engineer's dream come truc 


of complete engineering facilities 


We are located in Fairfax County 


can grow in an 
environment to match your professional growth 

















3000 Arlington Bivd., Dept. C-20, Falls Church, Va 
11 Galen Street, Watertown, Mass. * 99 First $t., Cambridge, Mass 











CONTROLS ENGINEER 


A few openings hove developed in 


ovr organization for well qualified 


engineers who can participate in, and lead, in these areas 
@ analysis and development of controls sys 
tems and components 


@ control testing of systems and components 


Mature engineering judgment is essential and at least 


3 to 5 years 
experience in controls systems, 


servo-mechanisms and mechanical 
servos, with emphasis on the latter, and in some cases, prover 
ability in supervision 


These are not typical engineering positions. The work is of an ad 
vanced nature and opportunities for promotion are 


clearly out 
lined. The starting salary range of 


approximately $7,500 to 
$12,000 indicates a desirable economic level in the community and 
is coupled with many additional benefits 
The location in the Northeast is fine for family living. The 
tion offers stability in its product appeal to both con 
military markets. 


» opera 


mercial and 
For further information write, 
giving details of education and experience to 


P9505 Control Eng neering 


330 W. 42 St.. New York 36 
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American Electric 
RADAR 
SPIN MOTOR 


Model 183A 


For Guided Missile and 
Aircraft Applications 


Pressurized against 35 psi. 


Yi» hp at 9500 rpm min., 
tinuous duty. 5 in. oz 
torque. 115 V. 1 ph. 
ameeen type. Ambient 
to 85°C 

1.675” dia 


con- 
stall 
400 eps. 
65°C 
Totally enclosed 








MODEL 3068 TIMER CON. 
TROL SYNCHRONOUS MOTOR 
Built to MIL-M-7969 Spec 
Develops 1/150 hp at 8000 
rpm, continuous duty. 3 in 
oz. torque at full load. Weighs 
Ambient -65°C to 

Tefion insulated 
enclosed, externally 

Frame 1.750” dis 

115 Vv 


line to line, 3 ph 
400 cps. 





MODEL 341 CAMERA DRIVE 
MOTOR Built to U.S.AF 
32466 and MiL-£-5272. For 
aerial survey work, 1/35 hp 
at 7200 rpm, intermittent 
duty. 115 1 ph. 400 cps 
induction type. Weighs 25 
oz. Totally enclosed. Ambi 
ent 65°C to +-85°C. Class 
H insulation, 2.5" dia 


MODEL 226 AIRCRAFT AN- 
TENNA SCAN DRIVE MOTOR 
Built to MIL-M-7969. 1/40 
hp at 7200 rpm, continuous 
115 V. 1 ph. 400 cos 
nduction type. Ambient 
65°C to 5°C. Totally 
enclosed, externally cooled 
Class W insulation. 2.5” dia 
Weighs 1 ib. 10.5 oz 


« 

val 
MODEL 318A DRIVE MOTOR 
for Standard Wo, 22 CEN 
TRIFUGAL WHEEL - Built to 
USAF. 32590 and 41065A 
1/70 hp at 7200 rpm, contin 
uous duty. 115 V. 1 ph. 400 
cps. induction type. Ambient 

is 65°C to + 40°C. Class A 
insulation. 2” dia, Weighs 
1 ib 


MANY OTHER MODELS FULLY DEVELOPED 


American Electric Miniatures are available for 
operation on 60, 400, 1600, or 2000 cps or on 
variable frequencies from 320 to 1000 cps 


TWO TYPES: INDUCTION Output torque range 
from ¥Y2 in. oz. to 120 in. o2 


SYNCHRONOUS (Hysteresis or R 
tance Models) Output torque riice 
from Ye in, oz, te 120 in, o2 


Ask for quotations on special requirements! 


American Electric Motors, Inc 





MERICAN 


FIELD ENGINEERING OFFICES in principal industrial areas. 
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Master Electric Co., The 
McGraw-Hill Book Co. 153, 
Micro Switch Div., Minneapolis 
Honeywell Regulator Co. 
Minneapolis-Honeywell Regula- 
tor Co., Industrial Division 62, 
Moog Valve Co., Inc. 


NJE Corporation ; 

National Cash Register Co., The, 
Computer Div. 

Non-Linear Systems, Inc 

Norden-Ketay Corporation. .120 

North American Aviation, Inc., 
Autonetics Div. 52 
Rocketdyne Div. 

North Electric Co. 


Ohmite Manufacturing Co 


Parker Appliance Co., The 

Partlow Corp., The 

Pegasus Laboratories, Inc 

Penberthy Injector Co. 

Perkin-Elmer Corp., Vernistat 
Div. . 

Philbrick ‘Researches, Inc 
George A. 

Philco Corporation 

Poly Scientific Corporation 

Post Machinery Co. 

Potter Instrument Co., Inc 

Pratt & Whitney Co., Inc 


RBM Div. Essex Wire Corp 

Radiation, Inc. 

Radio Frequency Labs., Inc. 

Remington Rand Univac Div. of 
Sperry Rand Corporation 

Robertshaw-Fulton Controls Co 
Fulton-Sylphon Div 


Schutte & Koerting Co 

Servo Corp. of America 
Servomechanisms, Inc. 

Sigma Instruments, Inc 

Sola Electric Co. 56 
Sorensen & Co., Inc. 

Statham Laboratories 4 
Stevens-Arnold Inc. 152 
Stromberg-Carlson Co 6 
Superior Electric Co., The 29 


Technitrol Engineering Co 132 
Technology Instrument Corp 

Third Cover 
Tork Clock Co., Inc., The 170 
Transicoil Corporation 117 


U.S. Electrical Motors, In« 131 
Waters Manufacturing, Inc 130 


Weatherhead Co., The 9 
Westinghouse Electric Corp. 16, 17 
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DESIGN IN TRIMMERS SPECIFY 
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TIC, leader in the development of new designs for industrial and 
military applications, incorporated the most wanted features of a 
trimmer potentiometer into the modern design of the diminutive 
RFT. Advanced design extends from its compact, rugged case to the 
revolutionary metallic film resistance element. The simplicity of 
RFT design also makes possible production and delivery at a rate 
unequalled in the industry. 





Size, accuracy, and stability — essential characteristics of trimmer 
potentiometer combined in the low-cost RFT. Applicable as adjustable 
resistors or voltage dividers, the RFT provides infinite resolution . . . 
wide temperature range (—55°C to +125°C) .. . true miniature size 
(7 can be stacked in a square inch) ...and wide resistance range 
(50 ohms to 25K). 


Mechanical features include a housing of red Alumilite base and 
stainless steel cover for environmental protection . . . stainless steel 
25-turn lead screw for precise, stable adjustment . . . precious metal 
contacts ... and light weight (0.38 oz.). 
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MANUFACTURER OF = 


THE WORLD'S FINEST | — 


POTENTIOMETERS | 
* ie- 
PIONEER OF 


POTENTIOMETERS 
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DEVELOPMENT OF 
NEW DESIGNS 
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Precision construction ... en- 
vironmental stability ... and 


compact, modern design pro- 

vide versatility for wide ap- 

plication of the RFT for: 

@ Balancing adjustments 

@ Critical biasing 

@ Trimming circuit voltages, 
currents, or resistances 

@ Padding 

@ Fixed gain adjustments 

e Critical threshold voltage 
adjustments 

e Variable parameter 
compensation 
f 
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1575 
RANSMITTER 
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First of the 1500 Series 


The 1575 is a torce-balance transmitter 

for converting from differential 

pressure to a 3-15 psig signal. Provides accurate 
instantaneous transmission 


of flow rate. 





e Wide range 0-20 to 0-200 inches of water 


differential. 
e Adjustable hydraulic damping. 
e All working parts sealed from process fluid. 
e ixternal screw driver zero adjustment. 
e ‘Temperature compensated to 300° F. 
e Steam traced flanges available. 


e Quickly removable without disturbing 


piping 


Write for complete information. Ask for catalog 50-30. 
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